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Executive Summary 
 
This report provides a review of the literature as a lead activity within the project 
Assessing the Impacts of Multi-Combination Vehicles on Traffic Operations and 
Safety. 
 
New vehicle combinations are continuously being introduced in an effort to develop 
new freight efficient vehicle combinations to reduce overall unit freight costs.  The 
number and type of multi-combination vehicles (MCVs) requesting access is 
increasing in Queensland and other Australian states therefore placing considerable 
pressure on transport regulators to expand networks available to them. 
 
Regulatory decisions about MCVs need to be informed and it is essential that routes 
for the operation of these vehicles be selected so as to minimise risks to the 
environment, road assets and other road uses, whilst still facilitating efficient freight 
movement.  
 
For the purposes of this research, MCVs represent a generic type of freight vehicle 
that is larger than a standard prime-mover semi-trailer combination and that has 
restricted access to the road network.  These large, multi-articulated vehicles range 
from B-Doubles and conventional Road Trains to innovative vehicles of complex 
configuration such as AB-Triple and AAB-Quad combinations.  Table A1 in 
Appendix A shows a range of typical MCVs found in Australia. 
 
Route Assessment Guidelines for B-Doubles and Road Trains have been developed 
in, and exclusively for, Queensland, Western Australia, South Australia and New 
South Wales.  However, these guidelines have not yet been expanded to cover 
innovative MCVs of complex configuration.  The assessment of permitted routes for 
these very specialised vehicles are therefore currently not based on consistent nor 
objective criteria or assessment methods. 
 
A large majority of innovative MCVs are unique to Queensland and Western 
Australia, and as a result of the very limited past on-road data available on their 
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interaction with other road users, traffic performance and safety parameters associated 
with these MCVs have not been developed. 
 
As traffic volumes and traffic composition change over time, there is a need to ensure 
that new and existing permits for these vehicle types can be confidently issued or 
renewed without a detrimental impact on road infrastructure and other road users. The 
development of assessment procedures for innovative MCVs is therefore a key 
requirement for consistent decision making in MCV management. 
 
The overall project aim is to assess the impacts of MCV dimensional and dynamic 
attributes on traffic operation and safety, and then develop traffic performance and 
safety parameters associated with MCVs, followed by the development of assessment 
procedures for innovative MCVs, which are unique to Queensland.  It is envisaged 
that assessment of permitted routes for these very specialised vehicles can then be 
based on consistent objective criteria. 
 
The subject area has been divided into the following components: 
 
 MCV Types; 
 MCV Attributes; 
 Traffic Interaction; 
 Amenity Considerations; 
 Evaluation Methods; and 
 MCV Approval Procedures. 
 
The MCV approval process involves assessment of the vehicle combination, 
assessment of the requested route and finally issue of approval to operate, either via 
permit or notice.   
 
To establish the dynamic performance of new innovative MCVs, during the vehicle 
assessment phase, the following attributes are focused on: 
 
 Rearward Amplification; 
 Load Transfer Ratio; 
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 Static Rollover Threshold (Static Roll Stability); 
 Trailer Overshoot (Transient High-Speed Offtracking); 
 High-Speed Steady State Offtracking; 
 Low-Speed Offtracking; 
 Frontal Swing; 
 Tail Swing; 
 Tracking Ability on a Straight path; 
 Braking Performance;  
 Acceleration; 
 Startability; and 
 Gradeability. 
 
The dynamic performance can be evaluated be either conducting in-field tests or 
utilising dynamic computer simulation software. 
 
With an acknowledged increase in the length, mass and engine power of new and 
innovative MCVs, further data is required to either develop performance levels for 
these attributes or check the recommended values are realistic for the configurations 
now operating on Australian roads. 
 
The responsibility for access assessment and approval to operate rests with either a 
State road authority or local government.  The present MCV approval procedures vary 
slightly between each Australian State and Territory.   
 
Amenity issues regarding MCVs mainly arise from their greater size, and larger 
powered engines.  Issues to be considered when assessing routes for MCV operation 
include noise, vibration, dust, splash and spray. 
 
Route Assessment Guidelines (for B-Doubles and Road Trains) have been developed 
to provide consistent objective criteria and allow the environment, road asset, other 
road users and vehicle effects of proposals for heavy vehicle access to be assessed 
objectively and clearly.  However, the administrative content and assessment criteria 
of the Route Assessment Guidelines developed by Queensland, Western Australia, 
South Australia and New South Wales varies.  
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Motorists’ perception of MCVs also varies depending on the location and situation. 
The majority of the literature reviewed indicated a negative public image present.  
Since remote areas of Queensland, Western Australia and Northern Territory are 
reliant on road transport for their livelihood, it is necessary to develop a working 
combination of vehicles, infrastructure and education to ensure a minimal amount of 
conflict occurs.  
 
The relationship between MCV attributes, and motorists’ perception and behavior, 
influence overtaking behavior, operating speed, traffic composition, traffic volume 
and quality of service. 
 
With an acknowledged increase in the number, length, mass and engine power of new 
and innovative MCVs in the traffic flow, further data is required to either develop 
quality of service performance levels or check the recommended values are realistic 
for the heavy vehicle configurations now operating on Australian roads. 
 
The next steps in the project will be to investigate: 
 
 intersection clearance time; 
 acceleration; 
 tracking ability on a straight path; and 
 saturation flow, headway, and passenger car equivalency. 
 
To ensure that new and existing permits for MCVs can be confidently issued or 
renewed without a detrimental impact on road infrastructure and other road users, 
wherever possible during the proposed research, traffic performance and safety 
parameters will be developed as well as assessment criteria to be incorporated in 
Queensland’s Route Assessment Guidelines. 
 
It is also recommended that further work be completed on investigating low-speed 
offtracking, and high-speed steady state offtracking. 
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1.0 INTRODUCTION 
 
1.1 Project Aims 
 
This report provides a review of the literature as a lead activity within the 
project Assessing the Impacts of Multi-Combination Vehicles on Traffic 
Operations and Safety. 
 
New vehicle combinations are continuously being introduced in an effort to 
develop new freight efficient vehicle combinations to reduce overall unit 
freight costs.  The number and type of multi-combination vehicles (MCVs) 
requesting access is increasing in Queensland and other Australian states 
therefore placing considerable pressure on transport regulators to expand 
networks available to them. 
 
The project hypotheses are that, by targeting the impacts of MCV dimensional 
and dynamic attributes on traffic operation and safety, traffic performance and 
safety evaluation procedures associated with MCVs can be improved.   
 
The overall project aim is to develop assessment procedures for innovative 
MCVs, which are unique to Queensland, so that assessment of permitted 
routes for these very specialised vehicles can be based on consistent objective 
criteria. 
 
For the purposes of this research, MCVs represent a generic type of freight 
vehicle that is larger than a standard prime-mover semi-trailer combination 
and that has restricted access to the road network.  These large, multi-
articulated vehicles range from “limited access” vehicles such as B-Doubles 
and conventional Road Trains to innovative vehicles of complex configuration 
such as AB-Triple and AAB-Quad combinations.  Table A1 in Appendix A 
shows a range of typical MCVs found in Australia. 
1.2 Rationale 
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The use of MCVs over appropriate parts of the existing road network brings 
productivity gains to operators, as well as economic benefits to the 
community.  The efficiency gains from MCVs relate mainly to capital and 
operating costs, delivered by higher revenue earning tonnages per vehicle. For 
example, comparing a conventional semi-trailer (19 m in length, gross 
combination mass (GCM) of 42.5 tonnes) and a freight efficient Triple Road 
Train (53.5 m in length, with three trailers, GCM of 115.5 tonnes) 
demonstrates that one Triple Road Train combination can transport the freight 
of three conventional semi-trailers.  
 
However these efficiency gains need to be balanced against impacts on: 
 
 the environment; 
 road assets; and  
 other road users. 
 
Regulatory decisions about MCVs also need to be informed and it is essential 
that routes for the operation of these vehicles be selected so as to minimise 
risks to the above three aspects, whilst still facilitating efficient freight 
movement. As traffic volumes and traffic composition change over time, there 
is also a need to ensure that new and existing permits can be confidently 
issued or renewed without a detrimental impact on the environment, road 
assets and other road uses. 
 
Route Assessment Guidelines for B-Doubles and Road Trains have been 
developed in, and exclusively for, Queensland, Western Australia, South 
Australia and New South Wales.  However, a large majority of innovative 
MCVs are unique to Queensland and the existing Queensland Route 
Assessment Guidelines have not yet been expanded to cover these complex 
configurations.  Assessment of permitted routes for these very specialised 
vehicles are therefore currently not based on consistent nor objective criteria 
or assessment methods.   
Whilst the performance characteristics of most MCVs is well documented and 
verifiable through field trials, the interaction with other road users is not well 
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understood.  Due to the very limited past on-road data available on these 
interactions, traffic performance and safety parameters associated with these 
innovative MCVs have not been developed.   
 
This project will target the impacts of MCV dimensional and dynamic 
attributes on traffic operation and safety.  Through the updating/development 
of traffic performance and safety parameters associated with MCVs, followed 
by the development of assessment procedures, it is envisaged that assessment 
of permitted routes for these very specialised vehicles can be based on 
consistent objective criteria. 
 
1.3 Report Scope 
 
This report provides a review of current literature on assessment of the 
impacts of MCV attributes on traffic operation and safety.  The subject area 
has been divided into the following components: 
 
 MCV Types; 
 MCV Attributes; 
 Traffic Interaction; 
 Amenity Considerations; 
 Evaluation Methods; and 
 MCV Australian Approval Procedures. 
 
The report summarises the major findings of the literature review and in this 
context documents the research proposal. 
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2.0 MCV TYPES 
 
A multi-combination vehicle (MCV) is defined as a large vehicle having at 
least two articulation points between units.   
 
2.1 Australia 
 
In Australia, a MCV represents a generic type of freight vehicle that is larger 
than a standard prime-mover semi-trailer combination and that has restricted 
access to the road network, generally in the way of a permit or notice issued 
by the State road authority.  These large, MCVs range from “limited access” 
vehicles such as B-Doubles and conventional Road Trains to innovative 
vehicles of complex configuration such as AB-Triple and AAB-Quad 
combinations.  Table A1 in Appendix A displays a range of typical MCVs 
found in Australia. 
 
2.1.1 B-Doubles 
 
Queensland Department of Main Roads (2000) defines a B-Double as a 
combination consisting of a prime mover towing two semi trailers.  The prime 
mover and the two trailers are combined by two turntable assemblies.  The 
double articulation is the main distinguishing feature. 
 
Pearson et al. (2000) reported that the B-train concept originated in Canada in 
the 1970s and was introduced into Australia during the 1980s where it became 
known as a B-Double.  The maximum allowable length of 23 m adopted in 
Australia was the same as was permitted in Canada at that time.   
 
The maximum allowable length has increased over the years.  An overall 
length of 25 m or less has been specified in all Australian states except for 
Western Australia where an overall length of 27.5 m is allowed.  The 
maximum width and height of a B-Double are the same as for a general access 
articulated vehicle, 2.5 m and 4.3 m respectively.  Antilock braking systems 
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are specified for prime movers and for trailers carrying dangerous goods in 
bulk.   
 
B-Doubles are now frequently seen on Australian highways and major urban 
freight routes.  Ramsay (1998) noted that with lengths and weights in excess 
of semi-trailers, they are less manoeuvrable and responsive than smaller 
trucks, but have been found to have a comparable, if not better, safety record. 
 
The improved safety performance is attributed to the double articulation, 
making B-Doubles more stable than conventionally articulated (a-coupled) 
vehicles, and the stipulated vehicle and operating conditions over and above 
those imposed on conventionally articulated vehicles. 
 
In respect to the allowable gross combination mass (GCM), two B-Doubles 
are equivalent to three conventionally six axle articulated vehicles; suggesting 
that accident exposure, environmental impact and total lane occupation will be 
reduced while improving transport productivity. 
 
Traffic characteristic data is needed to verify that the total lane occupation will 
be reduced when three conventionally articulated vehicles are replaced with 
two B-Doubles. 
 
2.1.2 Road Trains 
 
A Road Train is a combination, other than a B-Double, consisting of a rigid 
vehicle (which may be a prime mover1) towing two or more trailers.  A 
converter dolly2 supporting a semi trailer is counted as one trailer. 
                                                 
1 Prime mover is a rigid motor vehicle equipped with a fifth wheel assembly designed to haul a semi-
trailer. 
 
2 Converter dolly is a unit designed to convert a semi-trailer to a trailer.  It includes a fifth wheel 
assembly, a drawbar and an axle group. 
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Road Trains therefore range from conventional Double and Triple Road Trains 
to the innovative vehicles of complex configuration such as AB-Triple and 
AAB-Quad combinations.   
 
As illustrated in Table A1 of Appendix A, conventional Road Trains in 
Australia are referred to by various names depending on the State or Territory.  
For the purpose of this report a ‘Double Road Train’ will be used to describe 
an A-Double or Conventional Type I Road Train and a ‘Triple Road Train’ 
will be used to describe an A-Triple or Conventional Type II Road Train. 
 
Ramsay (1998) noted that Triple Road Trains are common in the Northern 
Territory and remote areas of Western Australia, South Australia and 
Queensland.  Double Road Trains not only operate in the same areas as Triple 
Road Trains, but are also encountered on some of the major highways in these 
states and western New South Wales.   
 
NAASRA (1985) explained that because of their sheer size, Road Trains are 
generally restricted to sparsely populated regions and lightly trafficked roads, 
although there is increasing acceptance on more heavily trafficked routes and 
the outskirts of urban areas. 
 
Road Trains require more road space than B-Doubles for low speed turning 
movements because of their extra length, and at high speeds because of 
increased transverse movement, or trailing fidelity, in the rear trailers. Main 
Roads Western Australia (1995) therefore recommended that only the higher 
standard highways and wider industrial streets in urban areas could adequately 
provide for Road Trains.  In rural areas, Road Trains are generally confined to 
higher standard roads, or roads where traffic volumes are very low.  Permit 
routes for Road Trains are therefore more limiting than for B-Doubles. 
 
In respect to the allowable GCM, a Double Road Train is equivalent to two 
conventional six axle articulated vehicles; thereby reducing total lane 
occupation, accident exposure and environmental impact while improving 
transport productivity.  
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Traffic characteristic data is also needed to verify that the total lane occupation 
will be reduced when two conventionally articulated vehicles (length 19 m) 
are replaced with a Double Road Train (length 36.5 m).  
 
Road Trains have logistical cost advantages over B-Doubles for some freight 
as they allow easy rear end loading and unloading of the front trailer.  
However, the drawbar coupling assembly for Road Trains allows more 
vertical and horizontal movement of the rear trailers making them less stable 
than B-Doubles. Queensland Department of Main Roads (2000) also noted 
that Road Train routes require significantly more overtaking opportunities 
than B-Double routes due to the fact that Road Trains are longer then B-
Doubles and are not subject to minimum power requirements. 
 
2.2 Overseas 
 
Other countries have similar large vehicles that are generally not permitted 
into urban regions, and must be divided up to negotiate the urban network.  
 
2.2.1 United States 
 
MCVs are referred to as long combination vehicles (LCV) in the United 
States.  Table 2.1 displays a range of the typical MCVs operating in the United 
States. 
 
Harkey and Robertson (1989) stated that the mode of transportation chosen for 
freight movement in the United States is a function of the type of freight, the 
distance that this freight must travel, cost to ship the freight, and the 
transportation facilities available.  This last item, transportation facilities, is 
significantly different in the West compared to the rest of the United States.  
This difference is due in great part to the geography in the West consisting of 
high mountain ranges, large arid regions, and turbulent rivers.  The 
unnavigable waterways and the cost of building railroads through the 
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mountain ranges forced the major mode of freight transport in the West to be 
that provided by the trucking industry on the highway system. 
 
Based on this fact, the foundation was built for the operation of LCVs that are 
a more efficient and economical means of transport. 
 
The 1982 Census of Transportation showed that LCVs represented less than 
one percent of the trucks on the highway and the Rocky Mountain Double 
configuration was the most popular LCV (17 out of 19 States) but the varying 
length and weight restrictions limited its effectiveness. 
Table 2.1: United States LCV Types 
Pictorial Representation Vehicle Types 
Max. 
Length 
(m) 
GCM
(t) 
 
Rocky 
Mountain 
Doubles 
(LCV) 
30 50 
 
Triples 
(LCV) 33 52 
 
Turnpike 
Doubles 
(LCV) 
40 58 
2.2.2 Canada 
 
Bruce and Morrall (2000) reported that combination vehicles such as B-Trains 
have been operating in Calgary since 1988.  More recently, long combination 
vehicles (LCVs) with lengths up to 38 m have been operating on designated 
truck routes and under permit on Alberta Highways. The permit specifies 
particular routes and intersections that may be used. 
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Bruce and Morrall (2000) also reports that research into the operational 
characteristics of LCVs has been limited to date and the increasing use of 
LCVs in Alberta has created some operational difficulties, particularly in 
urban areas such as Calgary where older infrastructure was not designed or 
built to accommodate the operational needs of truck combinations up to 38 m 
in length. 
 
2.2.3 New Zealand 
 
The MCVs operating in New Zealand consist of B-Train and A-Train 
combinations, as shown in Table 2.2.  The maximum vehicle width allowed is 
2.5 m and a maximum height including all load restraints, loads and vehicle 
fittings of 4.25 m. 
Table 2.2: New Zealand MCV Types 
Pictorial Representation Vehicle Types 
Max.Length 
(m) 
GCM
(t) 
B-Train 20 51 
 
A-
Train 
20 39 
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3.0 MCV ATTRIBUTES 
 
The following attributes are observed when establishing dynamic 
performance: 
 
 Rearward Amplification; 
 Load Transfer Ratio; 
 Static Rollover Threshold (Static Roll Stability); 
 Trailer Overshoot (Transient High-Speed Offtracking); 
 High-Speed Steady State Offtracking; 
 Low-speed Offtracking; 
 Frontal Swing; 
 Tail Swing; 
 Tracking Ability on a Straight Path; 
 Braking Performance;  
 Acceleration; 
 Startability; and 
 Gradeability. 
 
These are each described in the following sections. 
 
3.1 Rearward Amplification 
 
Rearward amplification is the ratio of the maximum lateral acceleration of the 
centre of gravity (CG) of the rearmost trailer to the peak lateral acceleration of 
the steer axle or as National Road Transport Commission (2001) defined it, 
the degree to which the trailing unit(s) amplify or exaggerate lateral motions 
of the hauling units. 
 
National Road Transport Commission (2001) explained that rearward 
amplification pertains to heavy vehicles with more than one articulation point, 
such as truck-trailers and Road Train combinations.  It occurs in a rapid path-
change manoeuvre and shows as a tendency for the rear trailer to have a much 
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larger lateral response (sideways motion), thus experiencing higher levels of 
lateral acceleration, than the towing unit.  As the name rearward amplification 
suggests, each trailer in the combination amplifies the lateral motions of the 
unit immediately ahead of it, causing the lateral motion to increase towards the 
rear of the vehicle.  Figure 3.1, taken from Winkler et al. (2000), illustrates 
that the second trailer on the test vehicle has exceeded its rollover limit and 
would rollover completely if it were not for the outrigger system connected to 
the trailers.  
 Figure 3.1: Rearward amplification (from Winkler et al. (2000)) 
 
Lower values of rearward amplification indicate better performance.  High 
values indicate high probabilities of rear-trailer rollover. 
 
National Road Transport Commission (2001) indicated that rearward 
amplification improves with the following vehicle characteristics: 
 
 Fewer articulation points; 
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 shorter distance from the CG of the hauling unit to the hitch point; 
 roll-coupling through turntables at articulation points; 
 shorter coupling rear overhang; 
 longer drawbar lengths on dollies; 
 longer trailer wheelbase; and  
 tyres with higher cornering-stiffness. 
 
The rearward amplification movements of multi-combination vehicles 
(MCVs) can be measured under controlled conditions using the standard lane 
change manoeuvre set out in SAE J2179 (Society of Automotive Engineers, 
1993) and described in Section 6.1 of this document, or it can be estimated by 
computer-based modelling.  
 
As shown in Figure 3.1 above, the measure for rearward amplification is the 
ratio of the lateral acceleration measured at the CG of the last trailer’s sprung 
mass to the lateral acceleration measured at the centre of the steer axle.   
 
National Road Transport Commission (2001) recommended that vehicles 
should have a rearward amplification no greater than 2.0 using the standard 
SAE J2179 lane change manoeuvre.  However National Road Transport 
Commission (2001) also advised that research conducted by Sweatman (1993) 
with simulations using the SAE lane change, and separate simulations using a 
“milder” version of this manoeuvre, that are claimed to be a more realistic 
manoeuvre for Australian conditions, recommended the following three 
performance levels for rearward amplification:  
 
 less than 1.5 for general access and medium combination vehicles; 
 less than 2.0 for Type 1 long combination vehicles; and  
 less than 3.0 for Type 2 long combination vehicles. 
 
3.2 Load Transfer Ratio 
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National Road Transport Commission (2001) defined that Load Transfer Ratio 
as the proportion of vertical load imposed on the tyres on one side of a vehicle 
unit that is transferred to the other side of the vehicle unit during a standard 
lane change manoeuvre. 
 
Winkler et al. (2000) stated that this performance measure is highly correlated 
with both static roll stability and rearward amplification within a given class of 
vehicle configuration. 
 
National Road Transport Commission (2001) informed that the load transfer 
ratio was developed in a study by Ervin and Guy (1986) to evaluate the 
dynamic load transfer that occurs from all tyres on one side of a rolling unit, or 
series of connected units, to the tyres on the other side during a rapid path-
change manoeuvre.  The following equation defines the load transfer ratio for 
a unit: 
 
( )
( )∑
∑
+
−=
RL
RL
FF
FF
RatioTransfer  Load                    (3.1) 
where: 
 FL = vertical load on tyres on left side of vehicle (N) 
 FR = vertical load on tyres on right side of vehicle (N) 
 
Load transfer ratio can have a value in the range 0 to 1 as follows: 
 
 equals 1 when all the tyres on the right side lose contact with the 
ground; 
 equals 0 when the load is the same on the left and right sides; and 
 equals –1 when all tyres on the left side of the vehicle lose contact with 
the ground. 
 
Lower values indicate comparatively better performance; high values imply 
high probabilities of rollover.   
 
 14
The load transfer ratio may be applied to individual axles, axle groups, roll-
coupled units (such as a trailer and the dolly supporting it), or to the entire 
vehicle.  However, Parker (2000) advised that the front steering axle is usually 
excluded from the calculations due to its low roll stiffness and negligible 
influence on load transfer. 
 
The load transfer ratio can be determined using the standard SAE J2179 lane 
change manoeuvre described in Section 6.1 of this document.  However, 
unlike static rollover threshold and rearward amplification, National Road 
Transport Commission (2001) advised that load transfer ratio has never been 
measured.   This should not be interpreted to mean that it couldn’t be 
measured but that the cost and time required developing and testing the 
necessary equipment is at present prohibitive.  The load transfer ratio is 
therefore calculated using computer-based simulation.   
 
The generally accepted performance level for load transfer ratio is 0.6, which 
is supported by Parker (2000) and National Road Transport Commission 
(2001).  However, because load transfer ratio is very sensitive to speed, 
National Road Transport Commission (2001) recommended that in 
environments where the speed is typically below 75 km/h, a load transfer ratio 
of 0.75 could be considered acceptable.  
 
 
 
3.3 Static Rollover Threshold (Static Roll Stability) 
 
Static roll stability is one of the most significant safety issue and important 
performance measure for heavy vehicles because it has been strongly linked to 
rollover crashes.  Further, Winkler et al. (2000) advised that crashes that 
involve heavy vehicle rollover are strongly associated with severe injury and 
fatalities. 
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Parker (2000) defined the static rollover threshold as the level of steady lateral 
acceleration that a vehicle can sustain during turning without rolling over.   
 
National Road Transport Commission (2001) explained that when a vehicle 
travels along a curved path, it is subjected to an outward force and an 
overturning moment that is proportional to the lateral (or sideways) 
acceleration experienced by the vehicle.  Rollover occurs when the lateral 
acceleration that causes the overturning moment is sufficient to exceed the 
vehicle’s rollover limit.  
 
The measure of roll stability is the static rollover threshold, expressed as the 
lateral acceleration (in g’s) at which all wheels on one side, except the steer 
axle, lift off the ground.  The basic equation for lateral acceleration in a steady 
turn is given by the following:  
rg
V 2(g)on accelerati lateral =         (3.2) 
where: 
 V = speed (m/s) 
 r = radius of turn (m)  
 g = acceleration due to gravity (m/s2) 
 
The above equation exemplifies that the lateral acceleration is highly sensitive 
to speed, and it is inversely proportional to the radius of turn.  National Road 
Transport Commission (2001) pointed out that high values of static rollover 
threshold imply better resistance to rollover. 
National Road Transport Commission (2001) reported that the majority of 
passenger cars have static rollover thresholds greater than 1.5g; this means 
they will slide before they rollover unless “tripped”, for example, by a kerb or 
a build-up of material during sliding on a loose surface.  Opposite to passenger 
cars, heavy vehicles will generally rollover before sliding.   
 
Performance levels for static rollover threshold recommended by researchers 
vary but they all appear to be driven by findings from crash studies.  Overseas 
research recommended values in the range 0.35g to 0.4g. 
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Parker (2000) advised that configuration performance is considered 
satisfactory if the static rollover threshold is greater than or equal to 0.35g.  
Winkler et al. (2000) stated that for the typical prime mover and semi-trailer 
combination the rollover threshold can be as high as 0.5g for a vehicle 
carrying a high-density, low CG payload, or as low as 0.25g for a worse-case 
vehicle carrying a payload that completely fills the available volume while 
also reaching legal gross weight 
 
National Road Transport Commission (2001) recommended a static rollover 
threshold of at least 0.40g for road tankers and buses, and at least 0.35g for all 
other heavy vehicles. 
 
National Road Transport Commission (2001) stated that rollover stability is 
very sensitive to the ratio of the overall width to the outside of the tyres on an 
axle to the height above ground of the CG of the payload.  Stability increases 
by increasing width or by decreasing height.  Suspension properties also 
influence static rollover stability but they are of secondary importance when 
compared with the ratio of width to CG height. 
 
Rollover stability for multiple trailer combinations is more complex than for 
single, rigid units and depends on the type of coupling between trailers.  
National Road Transport Commission (2001) explained that trailers connected 
through a turntable are said to be “roll-coupled” and will rollover as connected 
units, whereas full trailers (dolly and semi-trailer combinations) connected by 
a pintle hitch, can both roll and rollover independently of the other units in the 
combination.  This implies that any full trailer in a combination reaching its 
stability limit first would rollover earlier than other trailers in the combination.   
 
Normally the static rollover threshold is either determined experimentally 
using a tilt table device as shown in Figure 3.2 and the method set out in 
Society of Automotive Engineers Recommended Practice J2180, or it can be 
estimated using computer-based modeling. 
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Figure 3.2: Tilt table device used to determine static rollover stability 
(from National Road Transport Commission (2001)) 
National Road Transport Commission (2001) explained that in the computer-
based simulation studies, the rollover threshold is determined by slowly 
increasing the steering wheel angle at a rate of 2º per second at a vehicle speed 
of 100 km/h.  In this type of manoeuvre the vehicle prescribes a spiral path 
and experiences progressively increasing levels of lateral acceleration up to 
the point of rollover. 
3.4 Trailer Overshoot (Transient High-Speed Offtracking) 
 
In a sudden evasive manoeuvre the lateral displacement of the last axle on the 
rear trailer of an articulated vehicle will “overshoot” the final path of the front 
axle of the hauling unit; the path followed after the hauling unit has completed 
the manoeuvre and stabilised in its new straight ahead path parallel to its 
original path.  The amount of overshoot is referred to as the Trailer Overshoot 
or Transient High-Speed Offtracking. 
 
Trailer overshoot is due to the rearmost trailer(s) having a greater transient 
lateral displacement than the nominal width of the lane change manoeuvre.  
The trailers (usually) do eventually settle down behind the prime mover in its 
 18
new position, but the requirement of the vehicle to remain within its lane 
ensures that a limit on the amount of trailer overshoot is necessary.   
 
Ervin and Guy (1986) suggested that the amount of trailer overshoot, can be 
viewed as an sign of the severity of intrusion into an adjacent or opposing 
lane, mounting a kerb or dropping off the road seal (thus precipitating 
rollover) or collision with an obstacle.   
 
Similar to rearward amplification, the trailer overshoot tendencies of MCVs 
can be measured under controlled conditions using the single lane change 
manoeuvre set out in SAE J2179 (Society of Automotive Engineers, 1993) 
described in Section 6.1 of this document.  National Road Transport 
Commission (2001) indicated that the parameter of interest is the distance 
from the path of the centre of the rear axle of the last trailer from a line tangent 
to the end of the test course maneuvering section, as shown in Figure 3.3 
below. 
 
Figure 3.3: Trailer overshoot (transient high-speed offtracking), (from 
National Road Transport Commission (2001)) 
 
Ervin and Guy (1986) and National Road Transport Commission (2001) 
recommended a lateral displacement no greater than 0.8m. 
 
3.5 High-Speed Steady State Offtracking 
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High-speed steady state offtracking examines how the trailers follow the path 
of the lead unit on highway curves operating at highway speeds.  National 
Road Transport Commission (2001) defined high-speed offtracking as the 
lateral distance that the last-axle on the rear trailer tracks outside the path of 
the steer axle in a high-speed steady turn. 
 
In a low-speed turn the trailers will track towards the inside of the curve.  As 
speed increases, however, the low-speed offtracking behaviour – now 
influenced by an increasing outward force caused by the increasing lateral 
acceleration - begins to reduce and actually becomes zero at some speed.  At 
greater speeds the trailers may track to the outside of the path of the lead unit, 
and tyres may strike a kerb (precipitating rollover), drop off the road shoulder, 
or encroach into oncoming traffic or collide with a vehicle in an adjacent lane.  
High-speed offtracking is therefore unfavorable, usually undetectable by 
drivers, particularly of articulated vehicles, and should be minimised wherever 
possible. 
High-speed offtracking is influenced by turn radius, superelevation and speed.  
A higher speed on a given turn radius will produce a higher lateral 
acceleration and a greater level of offtracking.  When cornering at speed, 
trailers may track outward of the prime mover if the trailer tyre slip angles are 
large enough as shown in Figure 3.4.  
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Figure 3.4: High-speed steady state offtracking (from National Road 
Transport Commission (2001)) 
 
National Road Transport Commission (2001) stated that high-speed 
offtracking could be measured directly or estimated by computer-based 
modelling.  The performance measure for high-speed offtracking is the lateral 
offset between the circular path prescribed by the centre of the steer axle of the 
prime-mover and the circular path prescribed by the centre of the rear-axle on 
the last axle group of the last trailer. 
 
Ervin and Guy (1986) specified that high-speed offtracking should be 
evaluated on a circular path of radius 393 m and a vehicle speed of 100 km/h.  
However National Road Transport Commission (2001) pointed out that 
various researchers have recommended difference conditions, and therefore 
different recommended offtracking values.  Francher and Mathew (1987) 
recommended two sets of conditions; 88 km/h on a turn radius of 366 m and 
61 km/h on a turn radius of 183 m.  Also simulations reported in Sweatman 
(1993) were based on a turn radius of 319 m and vehicle speed of 90 km/h. 
 
Since the test condition specified by Ervin and Guy (1986) is at the current 
Australian maximum speed for heavy vehicles (100 km/h), the National Road 
Transport Commission have adopted this as the proposed test condition in 
their Performance Based Standards Project with the following proposed 
performance levels: 
 
 Unrestricted access to the entire road network:  no greater than 0.3m 
 Arterials and major freight routes:  no greater than 0.5m 
 Low-volume remote areas:  no greater than 0.7m 
 
3.6 Low-Speed Offtracking 
 
During a low-speed turn, for example at an intersection, the rear of a long 
vehicle will follow a path inward of the path taken by the front of the vehicle.  
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This is known as low-speed offtracking and is illustrated in Figure 3.5.  The 
fine line on the pavement in this figure is the path followed by the steer axle. 
Figure 3.5: Low-speed offtracking (from National Road Transport 
Commission (2001)) 
 
Low-speed offtracking is related to the vehicle’s swept path.  As National 
Road Transport Commission (2001) pointed out, a high value of offtracking is 
undesirable since the vehicle will require more road space for turning than 
may be available.  This may cause the vehicle to collide with parked vehicles, 
encroach into adjacent lanes, damage roadside furniture, endanger pedestrians, 
or the rear wheels may mount the kerb or fall off the edge of the pavement. 
 
A complete set of turning path templates have been published by 
AUSTROADS (1995) to assist with road design to ensure road width and 
geometry is adequately specified, particularly at intersections.  These 
templates are based on the turning performance of a wide range of general and 
restricted access heavy vehicles in the mid-1990s.  
 
National Road Transport Commission (2001) observed that low-speed 
offtracking of an articulated vehicle is very sensitive to the distance from the 
fifth wheel coupling (kingpin) to the centre of the rear axle. As this dimension 
increases, low-speed offtracking increases significantly.  It is also observed 
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that for a given vehicle length, increasing the number of articulation points 
decreases low-speed offtracking. 
 
Offtracking is measured as the maximum lateral displacement of the centre-
line of the rearmost axle on the vehicle from the path taken by the centre of the 
steer axle.  It can either be measured directly or estimated using computer-
based modelling.  The dimension of prime interest is the maximum width of 
the swept path, illustrated in Figure 3.6, which is determined from the path 
“swept” by the vehicle when it negotiates a turn through 90° at near-zero 
speed.   
 
Figure 3.6: Swept path dimensions for low-speed offtracking in a 90-
degree turn (from National Road Transport Commission (2001)) 
 
Various computer-based modelling programs such as VPATH Cox (1988) 
have been developed to predict the swept path of large vehicles through a 
range of curves.  National Road Transport Commission (2001) advised that 
general-purpose multi-body dynamics simulation packages, such as ADAMS 
and AutoSim could also be used to calculate low-speed offtracking and 
correctly account for the effect of speed, which will influence low-speed 
offtracking. 
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Various studies into the low-speed offtracking of vehicles have been 
conducted at varying radii and vehicle speed.  National Road Transport 
Commission (2001) advised that differences in the radius-of-turn and vehicle 
speed need to be carefully considered since decreasing the turn radius will 
increase low-speed offtracking and increasing vehicle speed will decrease low 
speed offtracking.  The performance level specified must therefore be linked 
to the test conditions. 
 
National Road Transport Commission (2001) suggested that a vehicle speed of 
10 km/h, or slower, on a steer path comprising a 90° circular arc of 11.25 m 
radius, with tangent straight entry and exit segments would be representative.  
This corresponds to the outside front wheel following a path of radius 12.5 m, 
which satisfies the turning circle requirement imposed on vehicle dimensions 
by ADR 43/04.   
 
AUSTROADS (1995) also specified an absolute minimum radius of 12.5 m 
for the path of the outside front wheel for vehicles up to and including B-
doubles (25 m).  For Double and Triple Road Trains (lengths up to 36.5 m and 
53.5 m, respectively), AUSTROADS (1995) specified a desirable minimum 
radius of 15 m for the path of the outside front wheel, which corresponds to a 
steer path radius of approximately 13.75 m.   
 
National Road Transport Commission (2001) advised that for a steer path turn 
radius of 11.25 m the following swept path maximum widths are 
recommended:  
 
 Local roads: 5m 
 Arterial roads: 7.4 m 
 Major freight routes: 10.1 m 
 Road Train areas: 13.7 m 
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3.7 Frontal Swing 
 
National Road Transport Commission (2001) advised that in a low-speed turn 
a vehicle’s front overhang will generally cause the path of its outermost front 
corner to track outside the path of the front-outside steered wheel.  This 
behaviour is known as frontal swing and is illustrated in Figure 3.7.   
 
Figure 3.7: Frontal swing for a bus in a low-speed turn (from National 
Road Transport Commission (2001)) 
 
National Road Transport Commission (2001) advised that frontal swing is 
particularly important in situations where a vehicle with a large amount of 
front overhang operates in an environment where tight turns are frequently 
required to be performed.  More road space is required for turning than may be 
available, therefore possibly causing the vehicle to encroach into adjacent 
lanes, interfere with roadside items, collide with parked vehicles, endanger 
pedestrians, or require reversing the vehicle in the middle of a turn. 
 
Fontal swing is influenced by the amount of front overhang forward of the 
steer axle, and for semi-trailers the amount of overhang forward of the 
kingpin.   
FRONTAL SWING 
steer path 
front outside corner
path of steer tyre 
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This attribute can be either measured directly, calculated from first principles, 
or estimated using computer-based modelling.  A majority of the computer-
based modelling programs previously detailed for determining low-speed 
offtracking can also be used to determine frontal swing. 
 
National Road Transport Commission (2001) used an approach, similar to that 
used in the previous section for low-speed offtracking, to establish 
performance levels for frontal swing.  Several computer-based simulations and 
the performance of a selection of vehicles from AUSTROADS (1995) in an 
11.25 m radius, 90º turn.  Based on these simulations a performance level of 
1.5 m was recommended for all heavy vehicles. 
 
3.8 Tail Swing 
 
When a vehicle begins a small-radius turn at low speed, the maximum lateral 
distance that the outer rearmost point on a vehicle moves outwards, at right 
angles to its initial orientation, is know as tail swing and is illustrated in Figure 
3.8.  
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Figure 3.8: Tail swing in a 90° turn (from National Road Transport 
Commission (2001)) 
 
Similar to frontal swing, National Road Transport Commission (2001) advised 
that tail swing is important in situations where a vehicle with a large amount 
of rear overhang operates in an environment where tight turns are frequently 
required to be performed.  If the ratio of the rear overhang plus wheelbase to 
the wheelbase is sufficiently large, the rear outside corner of a prime mover 
and semi-trailer may swing-out into the path of opposing or adjacent traffic 
during a turn at an intersection.  In urban operations, vehicles with significant 
rear overhang will exhibit significant amounts of tail swing when negotiating 
tight manoeuvres.  Collisions with vehicles in adjacent lanes (including 
cyclists) and roadside items may result. 
 
Ervin and Guy (1986) suggested that a 0.3 m intrusion be looked upon, 
cautiously, as a value beyond which serious safety hazard may begin to 
increase.  National Road Transport Commission (2001) argued that this value 
is exceeded by the European specification of 0.8 m and 1.2 m established, 
respectively, for rigid vehicles and articulated vehicles.   
 
 
TAIL SWING
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National Road Transport Commission (2001) used an approach, similar to that 
used in the previous section for low-speed offtracking, to establish 
performance levels for tail swing.  Several computer-based simulations and 
the performance of a selection of vehicles from AUSTROADS (1995) in an 
11.25 m radius, 90º turn.  Based on these simulations a performance level of 
0.5 m was recommended for all heavy vehicles. 
 
3.9 Tracking Ability on a Straight Path 
 
Tracking ability describes how well a heavy vehicle’s trailing unit (last trailer) 
tracks along the same path as the lead unit (prime-mover or rigid truck).   
 
Prem et al. (2000) pointed out that to safely accommodate the tracking 
performance of large heavy vehicles on the road network generally requires 
more lane width than is necessary for other road users.  McFarlane and 
Sweatman (1998) advocated that consideration of the use of larger, more 
innovative Road Trains on specific routes is often dependent on the ability of 
the combination vehicle to track well on narrow bitumen roads.  The 
additional road width required to accommodate sway at the rear of the 
combination vehicle is of concern to road managers in relation to the 
interaction of the combination vehicle with oncoming traffic. 
 
National Road Transport Commission (2001) observed that vehicles requiring 
more lane width than is available can cause damage to the edge of the 
pavement seal (edge break-off and shoulder drop) as well as present a safety 
risk when the vehicle crosses the centre-line when being overtaken or passed; 
or if leaving the sealed surface initiates a rollover. Therefore the ability of a 
heavy vehicle to travel within a specified lane width is of prime importance to 
its acceptability and safe operation in the traffic stream NAASRA (1978).   
 
When large combinations travel in a straight line, the trailers do not necessary 
follow exactly the same path as the prime mover.  National Road Transport 
Commission (2001) suggested that in practice, each trailer in a combination 
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vehicle will undergo small lateral excursions from the path of its lead unit as it 
responds to steering actions, road surface unevenness and other external 
disturbances, such as cross wind.   
 
National Road Transport Commission (2001) advised that performance levels 
for tracking ability could be specified in terms of required lane width.  For 
example, it may be specified that the vehicle must track so that it remains 
within a 3.5 m wide lane.  The required lane width can be determined by 
adding the maximum legal width for heavy vehicles (2.5 m in Australia) to the 
lateral displacement results. 
 
Transport SA (b) (1995) and NAASRA (1978) specified that all units 
incorporated in a Road Train traveling on a level, smooth surface shall track in 
the path of the hauling unit without shifting or swerving more than 100 mm 
either side of the path of the hauling unit when it is traveling in a straight line. 
 
NAASRA (1978) and National Road Transport Commission (2001) advised 
that tracking ability depends on a range of vehicle-related factors, including:  
 
 number of trailers and the type of coupling between them;  
 alignment of axles;  
 tyre cornering stiffness; 
 vehicle length; 
 speed; 
 wheel base of prime movers and trailers; 
 length of drawbars; 
 tow coupling overhang; and 
 location of the fifth wheel assembly on towing vehicles. 
A vehicle’s tracking ability can be determined by direct measurement using 
instrumented vehicles, or by computer-based modelling.  It is conveniently 
specified in terms of the required lane width.  
 
Prem et al. (2000) reported that specifications for heavy vehicle tracking in 
Australia, have not changed significantly for more than 15 years and their 
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origins can be traced back to studies performed in the USA in the 1970s.  It 
was further suggested that these methods and specifications are difficult to 
apply with confidence to new and innovative heavy vehicle configurations, 
and at times they may not be meaningful or appropriate. 
 
Prem et al. (2000) studied the tracking behaviour of a Double Road Train in a 
series of full-scale tests.  The lateral dynamic responses of the hauling and 
trailing units were measured due to excitations from road surface unevenness 
at two different test speeds (60 and 90 km/h).  Two methods were used for 
measuring tracking response; one using a vehicle-mounted video camera, the 
other based on measurements of the vehicle’s lateral acceleration taken at a 
number of locations.  The tracking behaviour was then used to verify and 
validate predictions from computer simulations.  Finally computer modelling 
was used to determine lane width requirements for a range of commonly used 
heavy vehicles as shown in Figure 3.9.   
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Figure 3.9: Lane width requirements for a range of heavy vehicles (from 
Prem et al. (2000)) 
 
Prem et al. (2000) research found that tracking ability was principally 
dependent on road cross-slope, vehicle configuration, length and speed. 
 
The results shown in Figure 3.9 were based on straight path travel, two test 
speeds and the unevenness characteristics of one road section (International 
Roughness Index (IRI) value of about 4.0 m/km and an average cross-slope of 
4.0%).  Prem et al. (2000) suggested that if the lane widths recommended in 
Figure 3.9 are to be adopted, more profiles from a selection of roads that are 
known to contribute to poor tracking of heavy vehicles should be collected and 
analysed, and the recommendations confirmed. 
 
NAASRA (1972) and AUSTROADS (1989) recommended lane widths 3.7 m 
on freeways and 3.5 m on rural roads, acknowledging that this allows large 
vehicles to pass without “instinctive” lateral movement.   
 
National Road Transport Commission (2001) recommended the following lane 
widths: 
 
 Urban arterials:  in the range 3.1 to 3.5 m (route specific) 
 Rural and regional roads:  no greater than 3.5 m 
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 National highways and freeways:  in the range 3.5 to 3.7 m (route 
specific) 
 Remote areas:  no greater than 3.7 m 
 
National Road Transport Commission (2001) also suggested that the current 
minimum width standards for National Highways are 3.5 m lanes and shoulder 
seals of either 0.5 or 1.0 m, depending on traffic volume.  The shoulder seal is 
considered to offer additional width for large vehicles interacting with other 
traffic. 
 
3.10 Braking Performance 
 
National Road Transport Commission (2001) stated that a heavy vehicle 
should be able to safely attain a desirable level of deceleration during braking 
for a range of load, speed and road conditions, and stop within specified 
distances without loss of directional control or stability.   
 
The effective minimum stopping distance in emergency braking is generally 
interpreted as the minimum stopping distance or maximum deceleration that 
can be achieved without wheel lock.  Bruzsa (2001) noted that the braking 
performance affects stability of the vehicle during braking, as lock-up of all 
wheels on an axle or axle group can lead to instabilities of jackknifing or 
trailer swing.  It also affects driver feel and confidence in carrying out certain 
types of braking manoeuvres. NAASRA (1985) supported this argument 
proposing that vehicles under extreme braking conditions are more liable to 
instability (jackknifing and trailer swing) with increasing numbers of 
articulation points.  Ramsay (1998) advocated that while braking has been 
found to be a rare event in rural and inter-urban operation, stability of multi-
articulated vehicles under braking is of a major concern.  National Road 
Transport Commission (2001) suggested that vehicles exhibiting these 
instabilities might require more lane width than is available to them and 
encroach into adjacent or opposing lanes. 
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Heavy vehicle braking performance has a major influence on both the risk of 
truck crashes and the consequences of such crashes for both truck drivers and 
other road users.  Bruzsa (2001) reported that Australian studies have revealed 
heavy vehicle braking problems (such as skidding, jackknifing) as a directly 
contributing factor in 4 per cent of crashes.  Furthermore, it has been 
suggested that improved heavy vehicle brakes could have prevented crashes or 
reduced severity in 13 percent of crashes.   
 
Australian Road Research Board (1990) reported that anti-lock brake systems 
(ABS) greatly improve the stability of most vehicles during braking.  An 
Australian national standard has now been introduced to ensure that ABS is 
fitted to all road tank trailers carrying dangerous goods and all prime movers. 
 
Queensland Transport (1996) advised that the 3rd Edition Australian Design 
Rules (ADR’s) for motor vehicles and trailers were implemented on 1 July 
1988 and they are as follows: 
 
 ADR 35/00 –Commercial Vehicle Braking Systems (passenger and 
goods vehicles except passenger cars); and 
 ADR 38/00 – Trailer Brake Systems (trailers with a gross trailer mass 
greater than 0.75 tonne). 
 
These standards detail the minimum performance requirements for braking 
under normal and emergency conditions for single units (rigid trucks and 
hauling units) and for trailers respectively; national standards do not exist for 
braking that apply to combinations of hauling units and trailers.  The 
implementation of these ADR’s lead to uniform vehicle requirements 
throughout Australia and all new combinations are required to meet these 
ADRs prior to registration. 
Ramsay (1998) advised that braking on down-grades by heavy vehicles is 
usually performed by engine brakes.  Their use in urban areas is often 
discouraged, or prohibited, due to the increase in noise levels.   
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A vehicle’s braking performance can be either measured directly, simulated on 
a roller brake test device, or estimated using computer-based modelling. 
 
In field, braking performance is usually determined by studying the following 
factors: 
 
 stopping distance; 
 brake balance and delay; 
 minimum deceleration capacity; 
 braking efficiency; 
 the vehicle’s braking capability in emergency stops; and 
 the response of the brakes at all wheels under various conditions. 
 
Stopping distance, velocity and deceleration are measured as a function of 
time.  In order to determine the relationship between the effects of increased 
gross combination mass (GCM) and stopping distance and deceleration rate, 
the brake tests are carried out from various speeds (60, 80, and 90 km/h) 
utilising the maximum braking forces available on the vehicles. 
 
A transportable vehicle inspection module is available that has a build in roller 
brake tester and shaker plate.  This device can measure the individual axle 
weights; braking forces on each wheel over a full range of braking effort and 
can calculate braking efficiency. 
 
Tests are carried out to analyse: 
 
 the brake balance between the prime mover and trailers; 
 the braking effort on each wheel of the combination; and 
 particular problems with the brakes. 
 
Computer simulation can predict the expected behaviour during the braking 
sequence.  Different surface friction figures, initial and final velocities, and 
other vehicle factors are used to determine their effects on the braking 
efficiency.  As the simulation programs can predict the braking performance 
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of the vehicle subject to conditions different from those measured at the time 
of the tests, the potential braking performance of a combination can be 
assessed, for example, under different weight conditions, with different brake 
components fitted, with hot brakes or with the brakes in different adjustment. 
 
3.11 Acceleration 
 
The acceleration, gradeability and maximum speed capability of a MCV is 
relevant when sight distance and clearance times are analysed at intersections 
and railway crossings. 
 
Queensland Department of Main Roads (1998b) reported that previous 
research and infield testing by Queensland Transport, Main Roads Western 
Australia, and New South Wales Road and Transport Authority (RTA) 
acquired the heavy vehicle speed/acceleration performance values listed in 
Table 3.1 below. 
 
Queensland Department of Main Roads (1998b) stated that limited data 
collected by ARRB Barton (1990) suggested the average speed of a heavy 
vehicle commencing from a stopped position equals 3.3 m/sec over a typical 
crossing distance. Queensland Department of Main Roads (1998b) also 
advised that Main Roads Western Australia (1992) quoted values of 
acceleration obtained from American literature ranging from “0.45 m/sec2 for 
the acceleration of trucks in first gear, to 0.54 m/sec2 over a distance of 
around 12 m, then gradually back down to a value of 0.5 m/sec2 for a distance 
of around 50m”.  For the required crossing visibility at the critical case, they 
subsequently recommended the adoption of a heavy vehicle acceleration value 
of 0.5 m/sec2 to “be on the conservative side”, and indicated that this value has 
been shown “to be acceptable by measuring the acceleration rates of a 
number of fully laden trucks, which resulted in values between 0.55 m/sec2 and 
0.90 m/sec2”. 
Table 3.1: Heavy Vehicle Speed/Acceleration Performance 
Type of Vehicle Distance Time Average Average 
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Travelled 
(m) 
(sec) Speed 
(m/sec) 
Acceleration 
(m/sec2) 
Laden Rigid Truck 
(RTA 1990) 22.4 9.3 2.4 0.5 
Laden Semi-Trailer 
(RTA 1990) 28.9 12.6 2.3 0.36 
Laden B-Double  
(RTA 1990) 34.4 13.6 2.5 0.37 
Laden Road Train  
(RTA 1990) 46.4 21.3 2.2 0.20 
11.3 2.4 0.43 Laden 19m Semi-
Trailer (QT Mt Cotton 
Facility 1993) 
27.5 
8.7 3.2 0.73 
13.8 2.5 0.36 Laden 19m Semi-
Trailer (QT Mt Cotton 
Facility 1993) 
34.5 
10.8 3.2 0.59 
 
 
3.12 Startability 
 
National Road Transport Commission (2001) defined a vehicle’s startability as 
the maximum uphill gradient, expressed as a percentage, on which the vehicle 
is capable of starting forward movement from rest. 
 
To ensure a MCV does not become a safety risk and an inconvenience to other 
road users, the MCV, when operating at its maximum GCM, should be 
capable of starting on the steepest grade it has to negotiate.  A MCV that is 
stopped on a grade beyond its capability will either need its units separated 
and moved or require the use of heavy haulage equipment to move it to a 
location where it can restart.  
 
National Road Transport Commission (2001) pointed out that it is not always 
possible or convenient to have a vehicle available that is loaded to its rated 
capacity to determine its startability by measurements.  Nor is it always 
possible or convenient to have a series of gradients that can be used in trials to 
determine a vehicle’s startability. 
 
National Road Transport Commission (2001) therefore proposed the following 
mathematical solution: 
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startability (%)
GCM
MRTeη064.0=   (3.3) 
where: 
 M = number of tyre revolutions per kilometre (m-1) 
 R (-) = overall gear reduction between the engine and drive 
wheels 
 Te = clutch engagement torque (Nm) 
 η  = combined efficiency of transmission and final drive (-) 
 GCM = gross combination mass (or gross vehicle mass) (kg) 
 
A number of performance levels for startability exist.  Queensland Transport 
(1998) insisted that B-doubles operating in Queensland have a value for 
startability of 10%. National Road Transport Commission (2001) advised that 
in Victoria the startability requirement for non-standard heavy vehicles is 
13%.  NAASRA (1978) suggested that for Road Trains, the ability to start 
from rest on a 5% grade is considered advisable. 
 
On review of available literature, National Road Transport Commission 
(2001) suggested the following performance levels for startability: 
 
 Unrestricted access to the entire road network:  not less than 15% 
 Arterials and major freight routes3:  not less than 10% 
 Remote areas4:  not less than 5% 
 
In off-road environments or in hilly terrain, where logging operations are 
conducted, for example, National Road Transport Commission (2001) 
suggested that higher performance levels might be required. 
 
3.13 Gradeability 
 
                                                 
3  Urban or rural/regional environments, as currently specified for B-doubles or their equivalent. 
4  Generally applies to low traffic-volume roads in relatively flat terrain in rural/regional or remote 
areas, as currently used by road trains. 
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National Road Transport Commission (2001) defined gradeability as the 
maximum uphill gradient, expressed as a percentage, on which the vehicle can 
climb at a specified constant speed.  In order to minimise traffic congestion or 
delays to other vehicles travelling in the same direction, heavy vehicles when 
fully laden should be able to maintain a reasonable speed on gradients 
 
National Road Transport Commission (2001) advised that gradeability is 
applicable to all heavy vehicle operations – in urban, rural/regional and remote 
areas – and to all classes of heavy vehicles. A vehicle’s gradeability is 
dependent on the following factors: 
 
 specifications of its driveline (engine torque and gear ratios); 
 rolling resistance forces; 
 aerodynamic drag forces; and  
 gross mass.   
 
Figure 3.10 shows the major forces acting on a vehicle that is travelling up a 
grade.   
 
 
Figure 3.10: Major forces acting on a vehicle travelling up a grade (from 
National Road Transport Commission (2001)) 
 
Rolling Resistance
Air Resistance Grade Resistance 
Driveline Losses
Drive Force Required 
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It is not practical to measure gradeability for the same reasons it is not 
practical to measure startability.  Various methods have been developed for 
determining gradeability, based on mathematical solutions.   
 
National Road Transport Commission (2001) advised that specification of 
minimum performance levels for heavy vehicle gradeability is already in place 
in certain jurisdictions.  In Victoria for example, non-standard vehicles are 
required to be able to climb a 23% grade, and B-Doubles and B-Triples are 
required to be able to maintain a minimum speed of 70 km/h on a 1% grade.  
B-Doubles operating in NSW are also required to maintain a minimum speed 
of 70 km/h on a 1% grade.   
 
On review of available literature and a series of computer-based simulations 
for a range of representative vehicles, National Road Transport Commission 
(2001) suggested the following performance levels for gradeability: 
 
1) Low-Speed Environment5 (maximum grade that the vehicle can climb at 
any speed) 
 Unrestricted access to the entire network:  25% 
 Urban roads of higher standard:  20% 
 Urban roads in remote areas:  8% 
 
2) High-Speed Environment6 (minimum speed on a 1% gradient) 
 Unrestricted access to the entire network:  80km/h 
 Remote areas:  50km/h 
 
 
 
 
 
 
 
                                                 
5  A low-speed environment is assumed to be where speeds are no greater than 50km/h. 
6  A high-speed environment is where speeds are at least 50km/h. 
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4.0 TRAFFIC INTERACTION 
 
4.1 Motorists’ Perception 
 
Motorists’ perception varies depending on the location and situation.  Main 
Roads Western Australia (1995) argued that the savings through highly 
efficient road transport over the years have greatly reduced the difference 
between metropolitan and country prices for most household goods.   Country 
people appreciate the benefits that multi-combination vehicles (MCVs) bring 
to their communities and they usually drive in a manner that takes account of 
and respects the special needs of these vehicles. 
 
On the other hand, a review of literature on this topic found a greater negative 
public image present.  The following list summarises some of the perceived 
issues associated with MCVs identified by Counsell (1990) and Moore (1989): 
 
 large vehicles with more power and speed than necessary; 
 vehicles that are 2.5 m wide but take up the whole traffic lane; 
 slow to take off at the lights and travel up grades; 
 throw rocks, dust and spray at passing vehicles; 
 difficult to overtake due to increased overtaking times, and the reduced 
number of safe overtaking locations.   
  
Moore (1989) revealed that objectives expressed by members of the public to 
heavy vehicles using residential streets usually relate to environmental effects 
and perceived problems such as: 
 
 noise; 
 vibration; 
 air pollution; 
 load shedding;  
 general visual degradation; 
 road safety;  
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 traffic congestion; and  
 intimidation of drivers of light vehicles.   
 
McIntyre (2001) argued that motorists often in breach of the law - particularly 
the more serious ones that cause personal injury or interfere with traffic flow, 
and certainly those that attract media attention – create a negative public 
image that damages the reputation of the road transport industry as a whole.  
Ramsay (1998) advocated that despite there being fewer trucks required for 
the same freight task, when something goes wrong it often makes major news 
headlines. Counsell (1990) also pointed out, the public’s negative perception 
reflects a minority of discourteous truck drivers or difficult situations. 
 
4.2 Effects on Other Motorists 
 
The relationship between MCV attributes, and motorists’ perception and 
behavior influence the following factors: 
 
 overtaking behavior; 
 operating speed; 
 traffic composition; 
 traffic volume; and 
 quality of service 
 
  These are each described in the following sections. 
 
4.2.1 Overtaking Behaviour 
 
On a single-carriageway rural road, an overtaking manoeuvre commonly 
requires an overtaking vehicle to use the opposing traffic lane, and 
opportunities for this to be undertaken safely are limited by the sight distance 
profile of the road and the availability of gaps in the opposing traffic.  
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NAASRA (1985) reported that MCVs present a greater hazard during 
overtaking manoeuvres because of their additional length.  Increased vehicle 
lengths result in greater overtaking time.  National Road Transport 
Commission (2001) defined overtaking time as an indicator of the delays 
imposed by a vehicle on other road users.   Research by ARRB (Troutbeck, 
1981) indicated that, comparing a 23 m MCV to a 17 m general freight 
vehicle, the average increase in overtaking time required is about 1 to 1.5 
seconds.  This represents an average increase in overtaking distance at 100 
km/h of about 30 m to 45 m (about five to eight car lengths). 
 
As overtaking time increases, the frequency with which the road and the 
opposing traffic provides safe overtaking opportunities decreases.  National 
Road Transport Commission (2001) suggested that drivers wishing to overtake 
a MCV would, on average, have to wait longer for a safe opportunity, and 
frustration can lead to overtakings being attempted in situations that are less 
safe than normal. 
 
NAASRA (1985) and NAASRA (1980) both suggested that the frequency at 
which drivers overtake is related to the traffic flow and the speed differential. 
High traffic volumes reduce the frequency at which overtaking opportunities 
occur, thereby increasing risk taking by overtaking vehicles.   
 
NAASRA (1978) stated that from the viewpoint of other road users, the main 
difference between a MCV and other vehicles is length.  The effect of this 
increased length is noticed most when vehicles overtake.  For this reason it is 
considered desirable to prevent MCVs traveling closely together in convoy.  
NAASRA (1978) recommended that a MCV should keep a separation distance 
of more than 200 m when following any vehicle more than 8 m in length in 
zones with speed limits of more than 80 km/h.  Queensland Transport (1998) 
supported this statement for MCVs following another vehicle combination 
with a length greater than 19 m.  Transport SA (b) (1995) recommended 
enforcing this rule where the speed limit is in excess of 60 km/h. 
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Ramsay (1998) reported that in urban situations, overtaking of corning MCVs 
is unsafe due to the rear of the vehicle swinging outwards during the turn.  
Further, drivers attempting to turn inside a MCV often are unaware of the 
offtracking of the trailers. 
 
4.3.2 Operating Speed 
 
To ensure that MCVs achieve reasonable operational speeds under most road 
conditions and give minimum disruption to traffic, NAASRA (1978) 
recommended the following performance requirements for a Road Train 
hauling unit: 
 
 ability to maintain a reasonable speed on a level road when operated at 
its maximum permitted GCM; this is desirable to minimise congestion 
of traffic or delays to other vehicles traveling in the same direction; 
 ability to maintain a reasonable speed when fully laden and negotiating 
gradients; 
 ability to restart on the steepest gradient encountered on the route when 
fully laden; and 
 to have an engine and power train that will not encourage prolonged 
operation at speeds in excess of safe limits for such vehicles; because 
Road Trains are widely used in sparsely populated areas and over long 
haulage distances, it is common for drivers to operate vehicles at 
maximum obtainable speeds. 
 
 
4.3.3 Traffic Composition 
 
Motorists’ perception and behaviour influence the success of MCVs operating 
on selected routes.  On a route where there is a high proportion of commercial 
vehicles, or where local drivers are already familiar with MCVs operating in 
the area, MCV operation will generally be satisfactory.  However, on a route 
where there is a high tourist content, with vehicles towing caravans, drivers 
not familiar with the area, and inexperienced in encountering MCVs, the 
 44
possible risk to other road users is increased.  NAASRA (1980) concurred and 
suggested that State road authorities when approving MCV access consider the 
composition of both the vehicles and drivers using a route.  
 
4.3.4 Traffic Volume 
 
When considering traffic volumes, NAASRA (1980) recommended that the 
variations in MCV flow throughout the year and the day, as well as the rate of 
growth should be considered.  To reduce levels of congestion, it may be 
necessary to restrict MCV operation during peak hours in urban areas, or 
during certain periods of the year due to seasonal fluctuation in traffic flow. 
 
4.3.5 Quality of Service 
 
In comparison with rural traffic, the operation of MCVs in urban traffic 
environments exhibits a greater level of congestion, along with lower speeds 
and greater variations in speed. These factors all effect motorist’s quality of 
service.  McIntyre (2001) noted that the increased traffic congestion leads to 
the inconvenience, delay and annoyance of other road users and the 
community at large, with consequential loss of productivity and, in severe 
cases, might even pose a risk to the safety of other road users.  However, as 
Ramsay (1998) argued, the delays to motorists, and increased fuel 
consumption and emissions, may still be less than the alternative case of 
having more, smaller freight vehicles carrying the same payload. 
 
Main Roads Western Australia (1995) pointed out that, heavy transport 
vehicles contribute to the prosperity and welfare of our society by delivering 
goods cheaply, quickly and safely.  Our society has created the demand for the 
movement of goods and the more prosperous we become, the greater the 
demand for freight movement. 
 
4.3 Quality of Service Measures 
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The following quality of service measures are each described in the following 
sections: 
 
 vehicle length in queue; 
 passenger car equivalency; 
 saturation headway; 
 saturation flow; and 
 intersection clearance time. 
 
4.3.1 Vehicle Length in Queue 
 
Akcelik et al. (1999) advised that the average queue space for a single 
passenger car is 7 m.  The average queue space for a MCV is somewhat longer 
depending on the vehicle’s length.  
 
The queue length equivalency of a MCV is determined by the following 
equation: 
 
Queue Length Equivalency= QS of MCV / QS of Passenger Car  
 (4.1) 
 
 
where; 
QS of MCV is the queue space of the MCV; 
QS of Passenger Car is the queue space of a passenger car 
 
It was previously mentioned that in respect to the allowable GCM, a Double 
Road Train is equivalent to two conventional six axle articulated vehicles.  
However while replacing conventionally articulated vehicles with MCVs such 
as Double Road Trains may reduce the number of vehicles required for a 
given freight task, further data is required to determine whether queue length 
is actually reduced. 
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4.3.2 Passenger Car Equivalency 
 
For traffic analysis and intersection design purposes it is useful to know how 
many passenger car units to which each heavy vehicle is equivalent.  This is 
also a useful parameter that can be used to measure the “traffic efficiency” of 
each heavy vehicle. 
 
Akcelik (1989) recommended a passenger car equivalency of 2 for heavy 
vehicles and 1 for cars.  Therefore implying a heavy vehicle is equivalent to 2 
cars.  The definition of a heavy vehicle defined by Akcelik (1989) was any 
vehicle with more than two axles or with dual tyres on the rear axle.  Thus 
buses, trucks, and semi-trailers were classified as heavy vehicles.  However it 
is acknowledge that since the late 1980’s heavy vehicle combinations have 
increased in length, mass and engine power, therefore making these specified 
passenger car equivalencies difficult to apply with confidence to new and 
innovative heavy vehicle configurations. 
 
Further data is required to determine realistic passenger car equivalencies for 
the typical types of MCVs now operating on Australian roads. 
 
 
4.3.3 Saturation Headway 
 
Saturation Headway is defined as the time interval between the passage of two 
consecutive vehicles.  Since it is the minimum departure headway (in seconds 
per vehicle) it is determined by the following equation: 
 
h = 1 / s    (4.2) 
where; 
 s is the saturation flow in veh/s 
 
Given the acceleration ability, from rest, of a heavy vehicle compared to a 
passenger car, obviously headway between a passenger car and heavy vehicle 
is going to be greater than the headway between two passenger cars.  With an 
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acknowledged increase in the number, length, mass and engine power of 
MCVs in the traffic flow, further data is required to determine whether this 
revolution increases saturation headway and if so, to what extent. 
 
4.3.4 Saturation Flow  
 
Akcelik (1989) defined saturation flow as the maximum constant departure 
rate of vehicles from a queue during the green light period at a signalised 
intersection.  One of the major factors that influences saturation flow is traffic 
composition.  This factor can be further broken down into the proportion of 
heavy vehicles and also type of heavy vehicles in the traffic flow.  With an 
acknowledged increase in the number, length, mass and engine power of 
MCVs in the traffic flow, further data is required to determine how saturation 
flow is influenced by the new and innovative heavy vehicle configurations 
now operating on Australian roads. 
 
The environment class, lane type and width, and gradient also influence 
saturation flow. 
 
Akcelik (1989) advocated that because of the inverse relationship between the 
saturation flow rate and the saturation headway, the passenger car equivalents 
are used in saturation flow calculations as follows: 
 
s MCV = s pcu / PCE    (4.3) 
where; 
s MCV is the saturation flow of a MCV in veh/s  
s pcu  is the saturation flow of a passenger car in veh/s 
PCE is the passenger car equivalency 
 
4.3.5 Intersection Clearance Time 
 
Akcelik (1989) defined intersection clearance time as the time taken for the 
rear of a vehicle to clear a given intersection with the vehicle starting from rest 
with its front immediately behind the intersection stop line. 
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Intersection clearance time is of most concern to long or slow vehicles in 
urban traffic.  NAASRA (1985) and NAASRA (1980) both suggested that due 
to their length and mass, MCVs are relatively slower to complete manoeuvring 
when road space is restricted, and therefore normally require longer than 
normal periods to negotiate intersections.  This has an effect on the 
productivity of heavy vehicles in urban traffic and the capacity of the 
intersection.  Heavy vehicles that require long times to clear intersections or 
railway level crossings can cause congestion and delays to other traffic, as 
well as posing a threat to safety if sight distances are inadequate. 
 
Ramsay (1998) reported that the Northern Territory has a policy of increased 
signal yellow time on Road Train routes to facilitate their progress through 
signals.  It goes on to state that in more densely populated areas, having an 
extendable inter-green time based on the detection of large vehicles 
approaching the intersection would be possible, without unduly affecting 
intersection performance. 
 
Railway level crossings experience similar concerns regarding warning times 
and acceleration from rest.  Although these concerns are compounded by the 
fact that trains are unable to stop, and it is assumed the crossing is clear for 
them to pass through.   Ramsay (1998) suggested that typical warning times 
for urban level crossings are in the order of 6 seconds before boom gates start 
to lower.  Large vehicles starting from rest, due to a legal requirement to stop 
at the crossing, and accelerating through the crossing just prior to the warning 
sounds may be in trouble. 
 
National Road Transport Commission (2001) advised that intersection 
clearance time is primarily influenced by: 
 
 a vehicle’s acceleration capability; 
 its overall length; 
 any grade that may be on the intersection;  
 traffic volume; 
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 sight distance; and  
 the basic dimensions of the intersection (primarily its width). 
 
Intersection clearance time is location (intersection) specific with shorter times 
necessary where traffic volumes are high and/or where sight distance is poor.  
If a MCV is starting from rest, accelerating at the maximum possible rate and 
travelling straight through a 25 m wide intersection with adequate sight 
distance and there is no grade, National Road Transport Commission (2001) 
suggested the following potential performance levels as a guide (maximum 
values) for intersection clearance times: 
 
 Unrestricted access to the entire network:  no more than 12 s 
 Arterials and major freight routes7:  no more than 15 s 
 Routes designated for long combination vehicles8: no more than 25 s 
 
Data is required to determine if the proposed values are realistic for the new 
and innovative heavy vehicle configurations now operating on Australian 
roads. 
 
4.4 Motorists Education 
 
MCVs such as the Triple Road Train, up to 53.5 m in length and traveling at 
speeds of up to 100 km/h, present additional hazards to overseas and interstate 
visitors in the remote areas of Queensland, Western Australia and Northern 
Territory. 
 
NAASRA (1985) advised that vehicles in excess of regulation size (width 
and/or length) operating under permit are required throughout Australia to 
carry warning signs.  The purpose of these signs is to warn other road users 
that the vehicle encountered is larger than “expected” size.  Main Roads 
Western Australia (1995) advocated that warning signs on heavy vehicles 
                                                 
7  Urban or rural/regional environments, as currently specified for B-doubles or their equivalent. 
8  Generally applies to low traffic-volume roads in relatively flat terrain in rural/regional or remote 
areas. 
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inform the traveling public that the vehicle combinations are in excess of the 
regulation dimensions.  Warning signs are standardised as shown in Table 4.1. 
Table 4.1: Standardised Warning Signs 
Overall Length (m) 
Exceeding Not Exceeding Front Sign Rear Sign 
19.0 30.0 None Long Vehicle 
30.0 53.5 Road Train Road Train 
 
To educate motorists on the additional hazards that occur when traveling with 
MCVs, the Northern Territory Road Safety Branch has developed a specific 
Visitor Program that is targeted at visitors to Northern Territory.  A multi-
lingual map “The Territory By Road” has been produced containing road 
safety messages, including driving with Road Trains, in seven languages.  The 
map is distributed free of charge to visitors.   
 
The Australian Road Train Association in assistance with the New South 
Wales Roads and Traffic Authority produced an easy to read brochure, 
Australian Road Train Association (1998), advising motorists on how to share 
the road safely with large vehicles. 
 
Main Roads Western Australia (2001) and Queensland Transport (1996) are 
web sites that provide brief information on Road Trains, where they operate 
and the additional hazards that occur when traveling with them. 
 
Figure 4.1 shows some of the signs that are displayed on Queensland roads, in 
Road Train areas, to educate motorists on how to share the road with Road 
Trains. 
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Figure 4.1: Signs displayed on Queensland roads. 
 
As Ramsay (1998) pointed out, remote areas of Australia and isolated areas of 
Canada are reliant on road transport for their livelihood.  It is therefore 
necessary to develop a working combination of vehicles, infrastructure and 
education to ensure a minimal amount of conflict occurs.  
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5.0 AMENITY CONSIDERATIONS 
 
Amenity issues regarding multi-combination vehicles (MCVs) mainly arise 
from their greater size, and larger powered engines.   
 
5.1 Noise 
 
MCVs have the potential to generate more traffic noise than other vehicles, 
especially when braking and accelerating.  Noise, particularly at night, could 
include engine, exhaust brakes, cargo on a trailer, or trailer itself oscillating on 
uneven or rough surfaces. Heavy vehicle noise is commonly a concern when 
residences are positioned in close proximity to a downhill section of road that 
requires the use of exhaust brakes. 
 
Queensland Department of Main Roads (2000) observed, the noise emanating 
from B-Doubles and Road Trains is similar to the noise from the standard six 
axle articulated vehicles that they would replace.  Therefore, use of these 
vehicles instead of normally articulated trucks decreases total noise exposure 
as fewer trucks are required for a given freight task.  Although, it still only 
requires one noisy vehicle to concern nearby residents. 
 
Schools, hospitals, libraries or residential accommodation are particularly 
vulnerable to the adverse impacts of noise. Queensland Department of Main 
Roads (2000) suggested when assessing routes for MCVs that will pass 
through noise sensitive areas, the views of the local community require 
consideration as well as the effect that noise from the vehicle will have on 
adjoining land uses.   
 
Queensland Department of Main Roads (2000) and Ramsay (1998) suggested 
possible solutions such as: 
 
 the use of road signs “REDUCE NOISE BY SELECTIVE USE OF EXHAUST 
BRAKES”; 
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 advanced warnings of grades; 
 dynamic ‘Prepare to Stop’ signs upstream of intersections to assist 
drivers in reducing speeds to manageable levels; 
 a curfew for MCVs during night time hours; 
 noise barriers along the sides of the road; and  
 a requirement for noise reduction equipment to be fitted to the MCV. 
 
5.2 Dust, Splash and Spray 
 
NAASRA (1985) advised that the splash and spray emanating from a heavy 
vehicle is related to the number of wheels on that vehicle and becomes 
significant above about 80 km/h.  Since a MCV has a high number of axles 
making contact with the pavement, it is capable of dispensing dust, splash and 
spray of rainwater from the pavement onto other vehicles, pedestrians, cyclists 
and nearby property.  Reduced visibility, particularly at night, severely limits 
safe overtaking opportunities, particularly for small cars and creates 
difficulties in passing on two lane roads.   
 
To eliminate this event, MCVs are often fitted with spray suppression 
equipment. NAASRA (1985) reported that industry experience indicates that 
an improvement of up to 70% in rear vision and passing visibility can be 
achieved by the fitting of spray suppression devices. 
 
5.3 Vibration 
 
Queensland Department of Main Roads (2000) reported that when a MCV 
passes close to abutting development there might be adverse impacts upon 
people and property due to vibration, although these are usually only minor. 
 
5.4 Odours and Fumes 
 
MCVs have the potential to emit more odours when carrying livestock and 
more fumes from exhausts than other heavy vehicles.  However as Ramsay 
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(1998) noted, ongoing development of engine technologies has lead to marked 
improvements in fuel consumption and emissions, so that today’s MCV may 
be more environmentally-friendly than large freight vehicles of a decade ago.  
In terms of emissions or fuel consumed per payload carried, MCVs are 
superior to single trailer articulated vehicles since more payload can be 
transported per trip. 
 
5.5 Environmental Factors 
 
Queensland Department of Main Roads (2000) recommended that when 
making an assessment of a proposed MCV route, the environmental impact of 
the proposed operation on vegetation, wildlife and air quality must be taken 
into consideration. 
 
5.6 Dangerous Goods 
 
When carrying dangerous goods, special operating conditions are often 
required to prevent a spill or dislodgement of large quantities of potentially 
hazardous materials on persons and the environment.  Appropriate and 
acceptable emergency response procedures are also prepared. 
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6.0 EVALUATION METHODS 
 
The dynamic performance of a multi-combination vehicle (MCV) can be 
evaluated be either conducting in-field tests or utilising dynamic computer 
simulation software. 
 
The following sections discuss the single lane change manoeuvre previously 
mentioned in Section 3 and dynamic computer simulation of vehicle loading 
and road holding. 
 
6.1 Single Lane Change Manoeuvre 
 
The single lane change manoeuvre is a standard test (SAE J2179), which is 
designed to evaluate the following measures of multi-articulated heavy 
vehicles (Society of Automotive Engineers, 1993): 
 
 rearward amplification; 
 load transfer ratio; and 
 trailer overshoot (transient high-speed offtracking). 
 
A vehicle is driven at a speed of 88 km/h along a straight road section 
approximately 100 m in length.  The vehicle then executes a lane change 
manoeuvre over a distance of 61 m.  The lateral displacement of the lane 
change manoeuvre is 1.46 m, giving a peak lateral acceleration at the steer 
axle of 0.05g.  Figure 6.1 shows the layout of the test course and the key 
dimensions.  
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Figure 6.1: Layout of the standard SAE J2179 single lane change 
manoeuvre (from National Road Transport Commission (2001)) 
 
6.2 Dynamic Computer Simulation 
 
McFarlane and Sweatman (1998) proposed that simulation modeling provides 
a practical means of quantifying the dynamic performance of innovative 
vehicle configurations.  It also permits the effects of individual vehicle 
parameters to be investigated and vehicle configurations to be optimised for 
particular road environments.   
 
In conducting a dynamic performance analysis, a model of a vehicle is 
simulated through a range of manoeuvres by a computer program, and its 
individual vehicle parameters are investigated and dynamic performance 
compared with that of other, similar-sized vehicles.  Bruzsa (1998) advised 
that modern computer simulation packages are not subject to random errors 
and variations and provide increased predictive power for proposed vehicles 
and configurations.  The increasing use of animation allows visualisation of 
vehicle dynamic behaviour plus overall impression of vehicle performance.  It 
can be viewed from any direction, and it is possible to superimpose graphic 
information (such as forces) and show the manoeuvre boundaries (such as 
rollover). 
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McFarlane and Sweatman (1998) pointed out that simulation modelling has 
gained considerable acceptance an as indicator of the performance qualities of 
newly proposed innovative-vehicle configurations.  The following list 
summarises vehicle dynamic performance measures identified by McFarlane 
and Sweatman (1998) and Bruzsa (1998) as being important in the evaluation 
of new vehicle combinations: 
 
 static roll stability; 
 rearward amplification; 
 high and low-speed offtracking; 
 load transfer ratio;  
 speed, acceleration performance; 
 braking; 
 swept path; and  
 trailing fidelity  
 
Queensland Transport and other State road authorities use computer 
simulation to analyse the level and conditions of access for a combination 
vehicle, ensuring that the correct balance between safety, infrastructure 
protection and productivity is achieved.  Bruzsa (1998) suggested that as 
computer simulation plays an increasing role in standards development and the 
regulatory approval process, the impact of innovative vehicle configurations 
on roads and safety could now be assessed and demonstrated. 
 
The complexity of earlier computer simulation was limited by computing 
hardware as the complexity of the model required for vehicle simulation varies 
with the vehicle and manoeuvre.  In recent times, the computer capacity no 
longer limits the complexity of computer models and it is not difficult to find 
software supporting models of virtually any complexity.  Bruzsa (1998) 
identified the following computer simulation packages available for modelling 
and analysing different heavy vehicle types, configurations and loadings:   
 
 ADAMS – Mechanical Dynamics Inc. (USA) 
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 BAMMS – TNO Road-Vehicles Research Institute (Netherlands) 
 DADS – Computer Aided Design Software Inc. (USA) 
 EVDVS – Engineering Dynamics Corporation (USA) 
 MADYMO – TNO Road-Vehicles Research Institute (Netherlands) 
 AutoSim – University of Michigan (USA) 
 TRUCKSIM – University of Michigan (USA) 
 NEWEL – University of Struttgart (Germany) 
 NUSTAR – IABG (Germany) 
 MESA VERDE – IPG (Germany) 
 SIM XPERT – CIE – TECH Inc. (Canada) 
 VPATH – Department of Main Roads (Australia) 
 
Bruzsa (1998) also provided the following summary of the fundamental 
differences in the methods of computer simulation packages: 
 
 Purpose-designed Vehicle Simulation Models:  A specific vehicle is 
developed into a set of equations of motions that is then embedded in a 
computer program.  These models are relatively cheap and are already 
proven.  These programs are useful for specific problems rather than 
investigation of design issues.  However, the user cannot change 
models, (eg. one combination can be simulated only) and the programs 
may include details which are irrelevant; 
 Multibody System Dynamics Packages (numerical):  A dynamic model 
is built as close as possible to the real system.  These packages 
represent the current industry standards, and they are powerful for 
modeling complex systems (full vehicle handling model with all 
suspension details).  They also have impressive animation capabilities.  
On the other hand, they are very expensive, and have limited value for 
investigating design issues.  These packages are complicated in terms 
of input data and computing power required; and 
 Multibody System Dynamics Packages (algebraic):  These packages 
generate the equations in symbolic form and for any given model they 
are only generated once.  They allow efficient use of computer time, 
are relatively inexpensive as they can run on PCs, but models must 
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first be developed if they do not exist.   They are powerful for complex 
problems but less developed and have fewer features than numerically 
based packages. 
 
Presently in Australia, ARRB Transport Research use ADAMS, RoadUser 
Research use AutoSim, Queensland Transport use SIMON, YAWROLL, 
UMRTI Simplified Models and VPATH, and Queensland Department of Main 
Roads also use the latter for road vehicle modeling and simulation work.  
These computer simulation packages are discussed in the following sections. 
 
6.2.1 ADAMS 
 
Mechanical Dynamics Inc (2001) stated that ADAMS is the world’s most 
widely used mechanical system simulation software.  It enables users to build 
and test virtual prototypes, realistically simulating the full-motion behaviour 
of complex mechanical system designs on a computer and quickly analysing 
numerous design variations until an optimal design is achieved.  Bruzsa (1998) 
noted that it is possible to build computer models of complete vehicles and 
vehicle subsystems, including suspensions, engines, and steering mechanisms, 
with full motion and dynamic characteristics accurately simulated.  Models are 
then applied to various road conditions and manoeuvres in Virtual 
Prototyping, to accurately predict handling characteristics such as body roll, 
ride quality, safety and performance. 
 
Bruzsa (1998) indicated that while the structure of the software is user 
friendly, a large amount of vehicle specific information is required before a 
model can be built and the operation and modeling phase of the vehicle 
evaluation requires special experience and expertise to use the package 
efficiently. 
 
6.2.2 AutoSim 
 
Mechanical Simulation Corporation (2001) advised that AutoSim is used to 
generate efficient equations for customized simulation programs and real-time 
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simulations.  It generates nonlinear symbolic equations in the form of 
computer source codes for solutions in languages such as Fortran and C.  The 
program is in use at about 60 sites throughout the world and is a simulation 
tool that works in conjunction with other programs such as CarSim and 
TruckSim.  These are software packages for simulating and analysing the 
behavior of four-wheeled vehicles and trucks/articulated vehicles respectively, 
in response to steering, braking, and acceleration inputs.  
 
As AutoSim uses algebraic simplification algorithms to reduce the number of 
calculations, programs generated by AutoSim usually run significantly faster 
than those developed by any other method. 
 
6.2.3 EVDS 
 
Bruzsa (1998) explained that EVDVS (Engineering Dynamics Vehicle 
Dynamics Simulator) simulates the dynamic response of commercial vehicles 
to typical human factors such as driver steering and speed; vehicle factors 
including brake system, tyre properties and suspension design; loading 
conditions; and 3-dimensional road conditions including superelevation and 
slippery road conditions.  Factors affecting vehicle handling and 
controllability, such as brake imbalance, loading conditions, rearward 
amplification and speed can be examined in detail and to visualise the 
response in real time and in a 3-D simulation environment. 
 
The software provides a very user-friendly programming environment.  It has 
a comprehensive 3-D database that contains all the data necessary to perform 
complex 3-D simulations that would make the model-building phase much 
faster. 
 
6.2.4 VPATH 
 
The VPATH package, Cox (1988), has been developed to predict the swept 
path of large vehicles through a range of curves. VPATH includes tyre-slip 
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characteristics but not superelevation effects and can handle complex turning 
manoeuvres.  
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7.0 MCV AUSTRALIAN APPROVAL PROCEDURES  
 
The multi-combination vehicle (MCV) approval process involves assessment 
of the vehicle combination, assessment of the requested route and finally issue 
of approval to operate, either via permit or notice.   
 
Assessment of the vehicle combination was discussed in Section 6.  
Assessment of the requested route, access assessment and permit procedures 
are discussed in the following sections.  
 
7.1 Access Assessment and Permit Procedures 
 
The responsibility for access assessment and approval to operate rests with 
either a State road authority or local government.  The present MCV approval 
procedures vary slightly between each Australian State and Territory, as 
shown in Table 7.1 below.   
 
Issue of approval to operate is via one of the following ways, depending on the 
State or Territory: 
 Permit - identifies the vehicle and specifies the routes on which it may 
operate for a specific permit of time.  Permits may also prescribe 
special speed limits and curfews to ensure that the transport task can be 
done safely avoiding conflict with other road users; or 
 Performance Guideline or Government Gazette Notice - A general 
approval granted for specific vehicle classes (possibly carrying specific 
commodities) to be exempt from a clause or clauses of the statutory 
dimension and/or mass limits.  It outlines the requirements road 
transport industry operators need to fulfill to meet their legislative 
obligations.  Permits for individual vehicles are not required provided 
the conditions in the Performance Guideline or Government Gazette 
Notice are met and the proposed road is gazetted for the proposed 
vehicle.    
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Table 7.1: Road Authority and their Approval to Operate Conditions 
 Qld WA NT SA NSW Vic Tas 
State Road Authority 
 Dept. of 
Main Roads 
& 
Queensland 
Transport 
Main 
Roads 
Western 
Australia 
Dept. of 
Transport and 
Works 
Transpor
t SA 
Road & 
Transpor
t 
Authorit
y 
VicRoads 
Dept. of 
Infrastructur
eEnergy and 
Resources 
Approval to Operate Condition 
B-Double Performance Guideline 
Permit 
(12 
mths) 
As of right Gazette Notice 
Gazette 
Notice 
Gazette 
Notice 
General 
permit 
Road 
Train 
Performance 
Guideline 
Permit 
(12 
mths) 
Approved 
roads 
(permit/notice 
not required) 
Gazette 
Notice 
Gazette 
Notice 
Restricted 
route - 
Innovativ
e Road 
Train 
Permit 
(12 mths) 
Permit 
(12 
mths) 
Permit 
(12 mths) - - - - 
 
7.1.1 Queensland 
 
There are two State road authorities; the Department of Main Roads and 
Queensland Transport.  The Department of Main Roads is responsible for 
planning, designing, building and maintaining Queensland’s State controlled 
roads and associated infrastructure such as bridges.  Queensland Transport is 
responsible for creating and managing a transport system for Queensland’s 
communities and industries.  This task involves vehicle registration, licensing, 
enforcing compliance with transport regulation, vehicle standards and 
performances. 
 
B-Doubles 
 
As of 1 July 2001, B-Doubles operate under a Performance Guideline and on 
roads that are gazetted for their use in Queensland if they meet the vehicle and 
operating conditions specified in the Performance Guideline, Queensland 
Transport (2001).  Permits for individual vehicles are not required provided 
the conditions in the Performance Guideline are met and the proposed road is 
gazetted for B-Double use.  Details of gazetted roads are contained in the 
Performance Guideline.  
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As from 22 January 1999 legislation no longer required that the Performance 
Guideline be carried in the vehicle. 
 
To operate on roads that are not gazetted requires the transport operator to 
obtain a permit from Queensland Transport.  The transport operator provides 
an application, including a detailed description of the requested route to the 
Queensland Transport, Land Transport and Safety Division.  The application 
is then forwarded to the Main Roads Districts concerned for approval. They 
consult with the local authority (for B-Doubles only), Queensland Police 
Service, Queensland Rail and other stakeholders. District personnel provide a 
response back to the Land Transport and Safety Division.   
 
If the roads are approved, a permit is issued to the transport operator.  The 
permit, or a copy, must be carried at all times and produced when required by 
an authorised officer.  If the roads are unsuitable for access, the transport 
operator is notified in writing. 
 
Road Trains 
 
As of 1 July 2001, Double and Triple Road Trains, B-Triples and AB-Triples 
operate under a Performance Guideline and on roads that are gazetted for their 
use in Queensland if they meet the vehicle and operating conditions specified 
in the Performance Guideline, Queensland Transport (2001).  Permits for 
individual vehicles are not required provided the conditions in the 
Performance Guideline are met and the proposed road is gazetted for Road 
Train use.  Details of gazetted roads are contained in the Performance 
Guideline.  
 
As from 22 January 1999 legislation no longer required that the Performance 
Guideline be carried in the vehicle. 
 
To operate on roads (other than local authority controlled roads) that are not 
gazetted for Road Trains requires the transport operator to obtain a permit 
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from Queensland Transport, Land Transport and Safety Division in the same 
manner as previously described for B-Double operators.  The permit, or a 
copy, must be carried at all times and produced when required by an 
authorised officer. 
 
To operate on local authority controlled roads that are not gazetted for Road 
Trains requires the transport operator to obtain written approval from the 
relevant local authority. The approval should include the maximum lengths of 
the vehicle combinations approved. The approval, or a copy, must be carried 
at all times and produced when required by an authorised officer. 
 
Innovative Combinations 
 
Innovative high productivity Road Trains are special configurations and travel 
under strictly controlled permits.   
 
Companies wishing to operate innovative vehicle combinations are required to 
obtain approval from Queensland Transport.  The Approval of Non-Standard 
Freight Vehicle Configuration Application Form is completed by the transport 
operator and submitted to Queensland Transport, Vehicle Safety and Industry 
Reform Section.  The form includes a detailed description of the requested 
roads and vehicle configuration.   
 
The dynamic performance of the vehicle configuration is assessed with 
EDVDS computer simulation software and a field trial of one or more vehicles 
may be required as part of the assessment.  On approval of the vehicle 
configuration, the application form is forwarded to Main Roads, Heavy 
Vehicle Management Section for consideration.  Consultation occurs with the 
relevant Main Roads District and Regional Officers. The Main Roads response 
is returned to the Vehicle Safety and Industry Reform Section.  If the roads are 
approved a 12 month permit is issued for the vehicle combination.  The permit 
details the approved roads and may contain conditions such as travel time 
restrictions applied.  If the roads are unsuitable for access, the transport 
operator is notified in writing. 
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7.1.2 Western Australia 
 
The State road authority is Main Roads Western Australia. 
 
B-Doubles 
 
B-Doubles currently operate on approved routes under an annual permit issued 
by Main Roads Western Australia. The vehicles must comply with Main 
Roads Specifications and Control Conditions for B Doubles that are available 
from Main Roads, Heavy Vehicle Operations Section.  It is anticipated that as 
of August 2002 B-Doubles will operate under a gazette notice similar to those 
used in other States. 
 
Travel on roads that are not approved requires the B-Double operator to obtain 
approval (permit) from Main Roads Western Australia.  Operators wishing to 
obtain a permit to use a non-approved local road must first obtain the approval 
of the local council and then submit such approval to Main Roads along with a 
complete application form accompanied with a list of requested roads, 
preferably marked on a regional map. 
 
Main Roads assess the route as per the assessment criteria detailed in Main 
Roads Western Australia (2000).  Before making a final decision, Main Roads 
may deem it necessary to assess the stability of the vehicle and load, conduct 
monitored field trials, and assess the suitability of the road pavement. 
 
If all application requirements have been met and the proposed route 
approved, a permit is issued.  If the roads are unsuitable for access, the 
transport operator is notified in writing. 
 
Road Trains 
 
Double and Triple Road Trains, B-Triples and AB-Triples currently operate 
on approved routes under an annual permit issued by Main Roads Western 
 67
Australia.  However as of August 2002, it is anticipated that these vehicles 
will operate under a gazette notice similar to those used in other States. 
 
Travel on roads that are not approved requires the Road Train operator to 
obtain approval from Main Roads Western Australia in the same manner as 
previously described for B-Double operators. 
 
Innovative Combinations 
 
Similar to Queensland, innovative high productivity Road Trains are special 
configurations and travel under strictly controlled permits.   
 
Companies wishing to operate innovative vehicle combinations are required to 
obtain approval from Main Roads Western Australia.  The transport operator 
provides an application, including a detailed description of the requested route 
and vehicle configuration to Main Roads. 
   
The dynamic performance of the vehicle configuration is assessed with 
computer simulation software by a pre-selected consultant.  Assessment of the 
route is completed by Main Roads as per the assessment criteria detailed in 
Main Roads Western Australia (2000) and consultation occurs with all 
affected Main Roads Regions, Councils, Railway Owners and other 
stakeholders.  Main Roads Western Australia may require a field trial of one 
or more vehicles as part of the route assessment. 
 
If the roads are approved a 12 month permit is issued for the vehicle 
combination.  The permit details the approved roads and may specify 
conditions of access such as speed limits, hours of operation or accreditation 
requirements.  If the roads are unsuitable for access, the transport operator is 
notified in writing. 
 
7.1.3 Northern Territory  
 
The State road authority is the Department of Transport and Works. 
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B-Doubles 
 
B-Doubles that meet all regulatory dimensions and configurations, can operate 
“as of right” under legislative control, the same as general access vehicles. 
 
Road Trains  
 
Road Trains that meet all regulatory dimensions and configurations can 
operate throughout the Northern Territory on recommended Road Train routes 
(major arterial and urban routes), without a notice or permit required. 
 
Innovative Combinations 
 
Innovative high productivity Road Trains may operate with mixes of “A” and 
“B” type trailers providing the dynamic performance of the unit is acceptable 
for safe operation.  These vehicle combinations have higher capacity 
components and operate under permit (route restricted). 
Companies wishing to operate innovative vehicle combinations must meet the 
following requirements. 
 
The vehicle combination must meet performance-based standards established 
on existing benchmarks (eg. Triple Road Train combinations); 
 The overall length must not exceed 53.5 metres. Special consideration 
is given to combinations operating in short haul route restricted 
environments; 
 Safety ratings of all components in the vehicle combination must be 
adequate for the design loadings (ie GVM, GCM, ATM, Couplings 
etc); and 
 Axle loadings and axle spacings are not to exceed road / bridge 
network capability. 
 
The transport operator provides a Dynamic Performance simulation (computer 
analysis) to the Department of Transport and Works to establish compliance 
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with the performance-based standards.  The vehicle combination is then 
submitted to the Department for road tests to establish if the on-road 
performance conforms to the dynamic performance simulation submitted.  
Based on acceptable outcomes of these road tests the unit is placed on trial 
operations for a 6-month period and after successful completion of the trials 
the configuration is accepted for operation under annual permit. 
 
7.1.4 South Australia 
 
The State road authority is Transport SA. 
 
B-Doubles  
 
B-Doubles may operate under the terms of a notice in the Government Gazette 
and on specific routes in accordance with the specifications and operating 
conditions contained in Transport SA (a) (1995).  A separate permit is not 
required for operation as long as the conditions in the notice are met. 
 
Transport SA (a) (1995) or a copy must be carried by the driver at all times 
when operating under the terms and conditions of the gazette notice and this 
document must be produced when requested by an inspector appointed under 
the Road Traffic Act, or a Police Officer. 
 
To operate under the scheme, the vehicle must comply with all the technical 
requirements specified and pass annual inspections after which an inspection 
label will be affixed to the vehicle.  This label has an expiry month and year 
punched out and signifies approval to operate under this scheme. 
 
Travel on roads that are not gazetted requires the B-Double operator to arrange 
a route assessment by either: 
 Engaging an Accredited Route Assessor (accredited by Transport SA) 
to undertake an assessment of the whole route including the necessary 
liaison with Council and Transport SA; or 
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 Approaching separately Transport SA and all Councils that are 
affected by the proposed route, each Council and Transport SA will 
then undertake a route assessment in accordance with Transport SA 
(1999) for that portion of the route that they are responsible.  An 
approach to Transport SA should be made to the Region where the 
proposed route first travels on a non-gazetted road.  An application 
form is provided in Transport SA (1999). 
 
Consultation occurs with all affected Transport SA Regions, Councils, 
Railway Owners and other stakeholders.  Transport SA or Council may 
require a field trial of one or more vehicles as part of the route assessment. 
 
If the roads are approved, a vehicle specific permit is issued to the transport 
operator so that the roads can be legally accessed while the route is being 
gazetted.  The newly gazetted road is then included in the next update of a 
document titled Over Dimension and Excess Mass Permit Guidelines.  If the 
roads are unsuitable for access, the Department of Transport, Vehicle 
Operations Section, Permit Unit notify the transport operator in writing with 
reasons for the decision provided. 
 
Road Trains 
 
Road Trains may operate under the terms of a notice in the Government 
Gazette and on specific routes in accordance with the specifications and 
operating conditions contained in Transport SA (b) (1995).  A separate permit 
is not required for operation as long as the conditions in the notice are met. 
 
Transport SA (b) (1995) or a copy must be carried by the driver at all times 
when operating under the terms and conditions of the gazette notice and this 
document must be produced when requested by an inspector appointed under 
the Road Traffic Act, or a Police Officer. 
 
To operate under the scheme, the vehicle must comply with all the technical 
requirements specified and pass annual inspections after which an inspection 
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label will be affixed to the vehicle.  This label has an expiry month and year 
punched out and signifies approval to operate under this scheme. 
 
For operation outside the scope of Transport SA (b) (1995), and on routes not 
provided by the Gazette Notice an application for a permit needs to be 
submitted to Transport SA’s Route Access Team for assessment. 
 
 
7.1.5 New South Wales  
 
The State road authority is the Road and Transport Authority (RTA). 
 
B-Doubles 
 
B-Doubles may operate on routes that are gazetted for their use if they meet 
the vehicle and operating conditions specified in Road and Traffic Authority 
(a) (1996).  Permits for individual vehicles are not required provided the 
conditions in the notice are met and the proposed road is gazetted for B-
Double use.  Details of gazetted roads are in the notice. 
 
Travel on roads that are not gazetted requires the B-Double operator to obtain 
approval from either RTA and/or Council (depending which roads are 
requested).  The application form provided in Road and Traffic Authority 
(1998) is to be complete with details of the entire proposed route, turns at 
intersections and addresses of terminals.  The Regional Freight Route Co-
ordinator assesses the route as per the assessment criteria detailed in Road and 
Traffic Authority (1998) and consults with other Road Managers such as Rail 
Access Corporation, Department of Land & Water Conservation, Sydney 
Ports, and other stakeholders.  The RTA, Council or other relevant Road 
Manger may require a field trial of one or more vehicles as part of the route 
assessment. 
 
If the roads are approved, a vehicle specific permit is issued to the transport 
operator so that the roads can be legally accessed while the route is being 
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gazetted.  The newly gazetted road is then included in the next update of the 
Government Gazette – Notices for the Operation of B-Doubles, Road Trains 
and 4.6 m High Vehicles.  If the roads are unsuitable for access, the transport 
operator is notified in writing by the Road Manager (ie. RTA or Council) with 
reasons for the decision provided. 
 
Road Trains  
 
Double Road Trains may operate on routes that are gazetted for their use if 
they meet the vehicle and operating conditions specified in Road and Traffic 
Authority (b) (1996).  Permits for individual vehicles are not required 
provided the conditions in the notice are met and the proposed road is gazetted 
for Road Train use.  Details of the gazetted roads are in the notice. 
 
Travel on roads that are not gazetted requires the Road Train operator to 
obtain approval from either RTA and/or Council (depending which roads are 
requested) in the same manner as previously described for B-Double 
operators. 
 
7.1.6 Victoria  
 
The State road authority is VicRoads. 
 
B-Doubles 
 
B-Doubles may operate under the terms of a notice in the Government Gazette 
and on specific routes in accordance with the specifications and operating 
conditions contained in VicRoads (1997).  A separate permit is not required 
for operation as long as the conditions in the notice are met and the proposed 
route is gazetted for B-Double use.  Gazetted B-Double routes are listed in the 
Victorian Government Gazette. 
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A copy of VicRoads (1997) must be carried in the driving compartment of the 
B-Double and must be produced if requested by a VicRoads Officer or a 
Police Officer. 
 
Travel on roads that are not gazetted requires the B-Double operator to obtain 
approval (permit) from VicRoads.  Operators wishing to obtain a permit to use 
a non-approved local road must first obtain the approval of the local council 
and then submit such approval to VicRoads. 
 
Road Trains 
 
Only one Road Train operates in Victoria.  This vehicle is a Double Road 
Train combination and operates on a restricted route in the Mildura area.  The 
approved Road Train route is listed in the Victoria Government Gazette 
 
7.1.7 Tasmania 
 
The State road authority is the Department of Infrastructure, Energy and 
Resources. 
 
B-Doubles 
 
Short high productivity vehicles, 21 m maximum length, operate under general 
permit with statewide access.  Whereas full size high productivity vehicles, 25 
m maximum length, operate under a general permit which includes an 
approved route network. 
 
Travel on roads that are not included in the approved road network requires 
the B-Double operator to obtain approval from the Department of 
Infrastructure, Energy and Resources, Vehicle Operations Branch.  The 
transport operator provides an application, including a detailed description of 
the requested roads to the Vehicle Operations Branch.  The application is 
assessed paying particular attention to the acceptability of the vehicle.  If the 
vehicle is deemed acceptable, the application is forwarded to the Department’s 
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bridge engineers, traffic engineers and strategic road planners.  Appropriate 
Local Government Authorities are consulted where the route includes council 
roads.  Approval for the proposal is dependent on receiving a positive 
response from all stakeholders. 
If the roads are approved, then a general permit is issued to the transport 
operator.  If the roads are unsuitable for access, the transport operator is 
notified in writing. 
 
Road Trains (including other Innovative Vehicles) 
 
Road Trains and other innovative vehicles are not permitted to operate in 
Tasmania. 
 
7.2 Route Assessment Guidelines 
 
7.2.1 Current Situation 
 
NAASRA (1980) prepared ‘Guidelines for Route Selection’ for direction to 
Administering Authorities in determining the suitability of particular roads for 
Road Trains.  It was issued to promote uniformity in respect of the user 
aspects of roads, and stemmed from the collective experience of road and 
transport authorities at the time.   
 
Route Assessment Guidelines for B-Doubles and Road Trains have since been 
developed in, and exclusively for, Queensland, Western Australia, South 
Australia and New South Wales.   
 
Queensland Department of Main Roads (2000) stated that it is essential that 
routes for the operation of these vehicles be selected so as to minimise risk to 
other road users and property whilst facilitating efficient freight movement.  
The Route Assessment Guidelines have therefore been developed to provide 
consistent objective criteria and allow the environment, road asset, other road 
users and vehicle effects of proposals for heavy vehicle access to be assessed 
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objectively and clearly.  Nevertheless, the Route Assessment Guidelines 
developed by Queensland, Western Australia, South Australia and New South 
Wales all contain different assessment criteria as summarised in Table 7.2.  
Table 7.2: Assessment Criteria contained in Queensland, Western 
Australia, South Australia and New South Wales’ Route Assessment 
Guidelines. 
Assessment 
Criteria 
Queensland9 Western 
Australia10 
South 
Australia11 
New 
South 
Wales12 
Amenity Considerations (Environment) 
Noise b b b b 
Dust, Splash and Spray b b   
Vibration b b b  
Odours and Fumes b    
Environmental factors b  b  
Dangerous Goods b b   
Lane Use b  b  
Planning Evaluation b  b  
Community Consultation b  b b 
Economic Factors b  b  
Intermodal Transport b  b  
Technical and Physical Considerations (Road Asset) 
Cross-section b b b b 
Batter Slopes   b  
Widening on Horizontal 
Curves 
b    
Curve Superelevation b  b  
Intersections b b b b 
Left Hand Turns b  b  
Right Hand Turns b  b  
Terminal/Destination 
Connections 
b  b b 
Roundabouts b  b  
Turning Paths (Swept Paths) b b b b 
Sight Distances b b b b 
Overtaking Opportunities b b b b 
Overtaking Lanes b    
Steep Ascending Grades b b b  
Safety Ramps (Downhill 
Grades) 
b  b  
Entry Lanes onto Main Roads 
& H’ways 
b b   
Structures b b b b 
Railway Level Crossings b b b b 
                                                 
9 From Queensland Department of Main Roads (2000) 
10 From Main Roads Western Australia (2000) 
11 From Transport SA (1999) 
12 From Road and Traffic Authority (1998) 
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Vertical Clearance b b   
Off-road Parking b b b  
Roadside Parking b    
Slowing and Stopping b b   
Traffic Interaction Consideration (Other Road Users) 
Accident Reports b b b  
Traffic Composition b  b b 
Traffic Volumes  b  b  
Field Trials b b b  
Restricted Hours of Operation b  b  
 
Checklist of Relevant Issues b b b  
 
 
The contents of Queensland, Western Australia, South Australia and New 
South Wales’ Route Assessment Guidelines are discussed in the following 
sections and summarised in Table 7.3.   
Table 7.3: Contents of Queensland, Western Australia, South Australia 
and New South Wales’ Route Assessment Guidelines. 
Contents Queensland Western Australia 
South 
Australia 
New 
South 
Wales 
MCVs 
Covered 
B-Double 
A-Double 
A-Triple 
B-Double 
A-Double 
A-Triple 
B-Double 
A-Double 
B-Double 
A-Double 
Admin. 
Procedures 
Provided for 
Main Roads & 
Qld Transport Not Provided
Transport 
SA & 
Council 
RTA & 
Council 
Advice to 
Operators Not Provided Not Provided Provided Provided 
 
Note: A-Double is equivalent to a Double Road Train and A-Triple is 
equivalent to a Triple Road Train. 
 
7.2.2 Queensland Guidelines 
 
Draft Route Assessment Guidelines for Multi-combination Vehicles in 
Queensland, Queensland Department of Main Roads (2000), are the most 
recently created guidelines and therefore incorporate assessment criteria 
previously developed by the other States but adapted for Queensland road 
conditions.  The document provides assessment criteria for B-Double, Double 
and Triple Road Train combinations. A checklist is contained in the Appendix 
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to be completed by the assessor to ensure all relevant issues have been 
considered. 
 
Administrative procedures for Main Roads and Queensland Transport officers 
to assess State controlled roads are briefly described.  However, administrative 
procedures and assessment criteria for Councils to assess Regional and Local 
Roads, and advice to road transport operators on how to apply for access to 
new routes are not provided. 
 
7.2.3 Western Australia Guidelines 
 
Guidelines for Assessing the Suitability of Routes for Multi-combination 
Vehicles, Main Roads Western Australia (2000), provides assessment criteria 
for B-Double, Double and Triple Road Train combinations.  A checklist is 
contained in the Appendix to be completed by the assessor to ensure all 
relevant issues have been considered. 
 
This guideline has been prepared solely to assist Main Roads officers, Local 
Government, and consultants in assessing the suitability of routes proposed for 
the operation of MCVs on urban, rural and townsite roads.  Administrative 
procedures and advice to road transport operators on how to apply for access 
to new routes are not provided. 
 
7.2.4 South Australia Guidelines 
 
Route Assessment for B-Doubles and Double Road Trains, Transport SA 
(1999), provides assessment criteria for B-Double and Double Road Train 
combinations. A checklist is contained in the Appendix to be completed by the 
assessor to ensure all relevant issues have been considered. 
 
Administrative procedures for Transport SA to assess State roads and Councils 
to assess Regional and Local roads are described.  Advice is also provided to 
road transport operators on how to apply for access to new routes. 
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7.2.5 New South Wales Guidelines 
 
Route Assessment Guidelines for B-Doubles and Road Trains, Road and 
Traffic Authority (1998), provides assessment criteria for B-Double and 
Double Road Train combinations.  A checklist as included in Queensland, 
Western Australia and South Australia’s guidelines is not provided. 
 
Administrative procedures for RTA to assess State roads and Councils to 
assess Regional and local roads are described in great detail.  Advice is also 
provided to road transport operators on how to apply for access to new routes.  
The document is more focused on the administrative procedures involved in 
assessing proposed routes than the actual assessment criteria. 
 
7.2.6 Future Situation 
 
The Route Assessment Guidelines developed in, and exclusively for, 
Queensland, Western Australia, South Australia and New South Wales have 
not yet been expanded to cover innovative MCVs of complex configuration.  
The assessment of permitted routes for these very specialised vehicles are 
therefore currently not based on consistent nor objective criteria or assessment 
methods. 
 
A large majority of innovative MCVs are unique to Queensland, Western 
Australia, and Northern Territory, and as a result of the very limited past on-
road data available on their interaction with other road users, traffic 
performance and safety parameters associated with these MCVs have not been 
developed. 
 
As traffic volumes and traffic composition change over time, there is a need to 
ensure that new and existing permits for these vehicle types can be confidently 
issued or renewed without a detrimental impact on road infrastructure and 
other road users. The development of assessment procedures for innovative 
MCVs is therefore a key requirement for consistent decision making in MCV 
management. 
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8.0 FINDINGS 
 
This report reviewed the literature as a lead activity within the project 
Assessing the Impacts of Multi-Combination Vehicles on Traffic Operations 
and Safety.  The following were found. 
 
8.1 MCV Types 
 
A multi-combination vehicle (MCV) is defined as a large vehicle having at 
least two articulation points between units.   
 
8.1.1 Australia 
 
 A MCV represents a generic type of freight vehicle that is larger than a 
standard prime-mover semi-trailer combination and that has restricted 
access to the road network, generally in the way of a permit or notice 
issued by the State road authority.   
 Range from “limited access” vehicles such as B-Doubles and 
conventional Road Trains to innovative vehicles of complex 
configuration such as AB-Triple and AAB-Quad combinations.  Table 
A1 in Appendix A displays a range of typical MCVs found in 
Australia. 
 
B-Doubles 
 
 A combination consisting of a prime mover towing two semi trailers.  
The prime mover and the two trailers are combined by two turntable 
assemblies.  The double articulation is the main distinguishing feature; 
 Concept originated in Canada in the 1970s and was introduced into 
Australia during the 1980s where it became known as a B-Double; 
 A maximum overall length of 25 m has been specified in all Australian 
states except for Western Australia where an overall length of 27.5 m 
is allowed; 
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 Regularly operate on Australian highways and major urban freight 
routes;   
 They are less manoeuvrable and responsive than smaller trucks, but 
have been found to have a comparable, if not better, safety record; and 
 The gross combination mass (GCM) of two B-Doubles is equivalent to 
three conventionally articulated vehicles. 
 
Road Trains 
 
 A combination, other than a B-Double, consisting of a rigid vehicle 
(which may be a prime mover13) towing two or more trailers (counting 
a converter dolly14 supporting a semi trailer as one trailer); 
 Range from conventional Double and Triple Road Trains to innovative 
vehicles of complex configuration such as AB-Triple and AAB-Quad 
combinations; 
 Conventional Road Trains in Australia are referred to by various 
names depending on the State or Territory.  For example, a Double 
Road Train is also described as an A-Double or Conventional Type I 
Road Train and a Triple Road Train is also described an A-Triple or 
Conventional Type II Road Train; 
 Generally restricted to sparsely populated regions and lightly trafficked 
roads. 
 Triple Road Trains are common in the Northern Territory and remote 
areas of Western Australia, South Australia and Queensland; 
 Double Road Trains operate in the same areas as Triple Road Trains, 
and are also encountered on some of the major highways in Northern 
Territory, Western Australia, South Australia, Queensland and western 
New South Wales;   
                                                 
13 Prime mover is a rigid motor vehicle equipped with a fifth wheel assembly designed to haul a semi-
trailer. 
 
14 Converter dolly is a unit designed to convert a semi-trailer to a trailer.  It includes a fifth wheel 
assembly, a drawbar and an axle group. 
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 Road Train routes require significantly more overtaking opportunities 
and more road space for low speed turning movements than B-Double 
routes; 
 The GCM of a Double Road Train is equivalent to two conventional 
six axle articulated vehicles; 
 The drawbar coupling assembly for Road Trains allows more vertical 
and horizontal movement of the rear trailers making them less stable 
than B-Doubles.  
 
8.1.2 Overseas 
 
Other countries have similar large vehicles that are generally not permitted 
into urban regions, and must be divided up to negotiate the urban network.  
 
8.2 Attributes 
 
The following measures are focused on when establishing dynamic 
performance: 
 Rearward Amplification; 
 Load Transfer Ratio; 
 Static Rollover Threshold (Static Roll Stability); 
 Trailer Overshoot (Transient High-Speed Offtracking); 
 High-Speed Steady State Offtracking; 
 Low-speed Offtracking; 
 Frontal Swing; 
 Tail Swing; 
 Tracking Ability on a Straight Path; 
 Braking Performance;  
 Acceleration; 
 Startability; and 
 Gradeability. 
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The performance levels identified for each attribute are summaries in Table 
8.1.  The main findings of each attribute are discussed in the following 
sections. 
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Table 8.1: Recommended Performance Levels for Attributes 
Medium 
Combination Type 1 Vehicle Category Type 2 Vehicle Category Attribute 
B-Double Double Road Train 
B-
Triple 
AB-
Triple 
Triple Road 
Train 
AAB-
Quad 
B-
Quad 
Rearward Amplification < 1.5 m < 2.0 m < 3.0 m 
Load Transfer Ratio  0.6 unless < 75 km/h then 0.75 is considered acceptable 
Static Roll Stability - Rollover Threshold μ 0.40 g road tankers 
μ 0.35 g all other heavy vehicle 
Trailer Overshoot [ 0.8m 
High-Speed Steady State Offtracking [ 0.5 m [ 0.7 m 
Low-Speed Offtracking 
(maximum swept path width: 11.25 m steer 
path radius, 90º turn)  
7.4 m 10.1 m 13.7 m 
Frontal Swing (11.25 m radius, 90º turn) 1.5 m 
Tail Swing (11.25 m radius, 90º turn) 0.5 m 
Tracking Ability - Lane Width 3.1 m - 3.5 m 3.5 m - 3.7 m [ 3.7 m 
Tracking Ability – Tracking in straight line [ 100 mm either side of hauling unit path 
Braking Performance No values recommended 
Acceleration Rate (in starting gear) 0.5 m/s2 
Startability μ 10 % μ 5 % 
Gradeability in low-speed environment15 
(maximum grade at any speed) 20 % 8 % 
Gradeability in high-speed environment16 
(minimum speed on a 1% gradient) 70 km/h 50 km/h 
 
                                                 
15 A low-speed environment is assumed to be where speeds are [ 50 km/h. 
16 A high-speed environment is assumed to be where speeds are ν 50 km/h. 
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8.2.1 Rearward Amplification 
 
 Pertains to heavy vehicles with more than one articulation point, such 
as truck-trailers and Road Train combinations; 
 Lower values of rearward amplification indicate better performance.  
High values imply high probabilities of rear-trailer rollover; 
 Rearward amplification improves with fewer articulation points, a 
shorter distance from the centre of gravity (CG) of the hauling unit to 
the hitch point, longer trailer wheelbase and tyres with higher 
cornering-stiffness; and 
 Measured under controlled conditions using the standard lane change 
manoeuvre set out in SAE J2179, or it can be estimated by computer-
based modelling.  
 
8.2.2 Load Transfer Ratio 
 
 Highly correlated with both static roll stability and rearward 
amplification within a given class of vehicle configuration; 
 Load transfer ratio equals 1 when all the tyres on the right side lose 
contact with the ground, equals 0 when the load is the same on the left 
and right sides, and equals –1 when all tyres on the left side of the 
vehicle lose contact with the ground; 
 Lower values indicate comparatively better performance; high values 
imply high probabilities of rollover; and 
 Calculated using computer-based simulation.  Could be determined 
using the standard SAE J2179 lane change manoeuvre, however, this 
has never been measured due to the cost and time required to develop 
and test the necessary equipment required for testing.  
 
 
8.2.3 Static Rollover Threshold (Static Roll Stability) 
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 Rollover stability is the most significant safety issue and important 
performance measure for heavy vehicles because it has been strongly 
linked to rollover crashes; 
 Rollover stability is very sensitive to the ratio of the overall width to 
the outside of the tyres on an axle to the height above ground of the 
CG of the payload; 
 Rollover stability increases either by increasing width or by decreasing 
height; 
 High values of static rollover threshold imply better resistance to 
rollover; and 
 Determined experimentally using a tilt table device and the method set 
out in SAE J2180, or it can be estimated using computer-based 
modeling. 
 
8.2.4 Trailer Overshoot (Transient High-Speed Offtracking) 
 
 A limit on the amount of trailer overshoot is necessary to ensure the 
vehicle remains within its lane; and 
 Measured under controlled conditions using the single lane change 
manoeuvre set out in SAE J2179, or it can be estimated by computer-
based modelling.  
 
8.2.5 High-Speed Steady State Offtracking 
 
 In a high-speed turn trailers will track to the outside of the path of the 
lead unit; 
 High-speed offtracking is influenced by turn radius, superelevation and 
speed.  A higher speed on a given turn radius will produce a higher 
lateral acceleration and a greater level of offtracking; and 
 Measured directly or estimated by computer-based modelling on a 
circular path of radius 393 m and a vehicle speed of 100 km/h. 
 
8.2.6 Low-Speed Offtracking 
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 Related to the vehicle’s swept path therefore a high value is 
undesirable – more road space required for turning; 
 In a low-speed turn the trailers will track to the inside of the path of the 
lead unit;   
 Austroads’ turning path templates (based on the turning performance 
of general and restricted access heavy vehicles) are intended to assist 
with road design to ensure road width and geometry is adequately 
specified, particularly at intersections; 
 Offtracking increases significantly as the distance from the fifth wheel 
coupling (kingpin) to the centre of the rear axle increases;   
 For a given vehicle length, low-speed offtracking decreases as the 
number of articulation points is increased; 
 Can be either measured directly or estimated using computer-based 
modeling; 
 Various studies have been conducted at varying radii and vehicle 
speed.  Decreasing the turn radius will increase low-speed offtracking 
and increasing vehicle speed will decrease low speed offtracking.  The 
performance level specified must therefore be linked to the test 
conditions; 
 National Road Transport Commission (2001) suggested that a vehicle 
speed of 10 km/h, or slower, on a steer path comprising a 90° circular 
arc of 11.25 m radius, with tangent straight entry and exit segments 
would be representative.  This corresponds to the outside front wheel 
following a path of radius 12.5 m, which satisfies the turning circle 
requirement imposed on vehicle dimensions by ADR 43/04; and 
 For Double and Triple Road Trains AUSTROADS (1995) specified a 
desirable minimum radius of 15 m for the path of the outside front 
wheel, which corresponds to a steer path radius of approximately 13.75 
m.   
 
8.2.7 Frontal Swing 
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 Influenced by the amount of front overhang forward of the steer axle, 
and for semi-trailers the amount of overhang forward of the kingpin; 
 Important in situations where a vehicle with a large amount of front 
overhang operates in an environment where tight turns are frequently 
required to be performed; and 
 Can be either measured directly, calculated from first principles, or 
estimated using computer-based modelling.   
 
8.2.8 Tail Swing 
 
 Important in situations where a vehicle with a large amount of rear 
overhang operates in an environment where tight turns are frequently 
required to be performed; and 
 Can be either measured directly, calculated from first principles, or 
estimated using computer-based modelling.   
 
8.2.9 Tracking Ability on a Straight Path 
 
 The ability of a MCV to travel within a specified lane width is of prime 
importance to its acceptability and safe operation in the traffic stream;  
 More lane width is required to safely accommodate the tracking 
performance of MCVs than is necessary for other road users.  The 
required lane width can be determined by adding the maximum legal 
width for MCVs (2.5 m in Australia) to the lateral displacement 
results; 
 When large combinations travel in a straight line, the trailers do not 
necessary follow exactly the same path as the prime mover. Each 
trailer will undergo small lateral excursions from the path of its lead 
unit as it responds to steering actions, road surface unevenness and 
other external disturbances; 
 Tracking ability depends on factors such as the number of trailers and 
the type of coupling between them, alignment of axles, vehicle length, 
speed and the wheel base of prime movers and trailers; 
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 Determined by direct measurement using instrumented vehicles, or by 
computer-based modelling; 
 Prem et al. (2000) studied the lane width requirements for a range of 
MCVs.  The research was based on straight path travel, two test speeds 
and the unevenness characteristics of one road section.  Findings 
indicated that tracking ability was principally dependent on road cross-
slope, vehicle configuration, length and speed;  
 Prem et al. (2000) suggested that if the lane widths recommended are 
to be adopted, more profiles from a selection of roads that are known 
to contribute to poor tracking of heavy vehicles should be collected 
and analysed, and the recommendations confirmed; and 
 Further data is required to confirm Prem et al. (2000) 
recommendations and determine lane width requirements for the new 
and innovative heavy vehicle configurations now operating on 
Australian roads, such as AB-Triple, AAB-Quad and BAB-Quad 
combinations. 
 
8.2.10 Braking Performance 
 
 A MCV should be able to safely attain a desirable level of deceleration 
during braking for a range of load, speed and road conditions, and stop 
within specified distances without loss of directional control or 
stability; 
 Braking performance affects stability of the vehicle during braking, as 
lock-up of all wheels on an axle or axle group can lead to instabilities 
of jackknifing or trailer swing.  This has a major influence on both the 
risk of truck crashes and the consequences of such crashes for both 
truck drivers and other road users; 
 Anti-lock brake systems (ABS) greatly improve the stability of most 
vehicles during braking.  An Australian national standard has now 
been introduced to ensure that ABS are fitted to all road tank trailers 
carrying dangerous goods and all prime movers; 
 ADR 35/00 and ADR 38/00 have been implemented to specify 
minimum performance requirements for braking under normal and 
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emergency conditions.  All new combinations in Australia are required 
to meet these ADRs prior to registration; and 
 A vehicle’s braking performance can be either measured directly, 
simulated on a roller brake test device, or estimated using computer-
based modelling. 
 
8.2.11 Acceleration 
 
 Relevant when sight distance and clearance times are analysed at 
intersections and railway crossings; 
 On review of literature and limited testing with medium and Type I 
combination vehicles, Main Roads Western Australia (1992) 
recommended the adoption of a heavy vehicle acceleration value of 
0.5 m/sec2 for the required crossing visibility at the critical case; and 
 Further data is required to determine if the proposed values are realistic 
for the new and innovative heavy vehicle configurations now operating 
on Australian roads. 
 
 
 
 
8.2.12 Startability 
 
 The MCV should be capable of starting on the steepest grade it has to 
negotiate when operating at the nominated GCM to ensure it does not 
become a safety risk and an inconvenience to other road users; and 
 A vehicle’s startability is usually calculated since it is not always 
possible or convenient to have a vehicle available that is loaded to its 
rated capacity or a series of gradients that can be used in trials. 
 
8.2.13 Gradeability 
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 The MCV should be able to maintain a reasonable speed on gradients 
to ensure minimal traffic congestion or delays to other vehicles 
travelling in the same direction; and 
 A vehicle’s gradability is usually calculated since it is not practical to 
measure gradeability for the same reasons it is not practical to measure 
startability.   
 
8.3 Traffic Interaction 
 
8.3.1 Motorists’ perception 
 
 Motorists’ perception and behaviour largely influence the success of 
MCVs operating on selected routes; 
 Motorists’ perception varies depending on the location, situation and 
familiarity with MCVs; 
 Majority of the literature reviewed indicated a negative public image 
present; 
 Objectives to MCVs usually related to environmental effects and 
perceived problems including: 
• increased traffic congestion;  
• intimidation of drivers of light vehicles; 
• slow to take off at signalised intersections and travel up grades; 
• throw rocks, dust and spray at passing vehicles; 
• difficult to overtake due to increased overtaking times, and the 
reduced number of safe overtaking locations.   
 
8.3.2 Motorists Education 
 
 Northern Territory Road Safety Branch – Free tourist multi-lingual 
map containing safety messages, including driving with Road Trains; 
 Australian Road Train Association and New South Wales RTA - 
brochure advising motorists on how to share the road safely with large 
vehicles; and 
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 Main Roads Western Australia and Queensland Transport – web site 
provides brief information on Road Trains, where they operate and the 
additional hazards that occur when traveling with them. 
• To warn other road users that the vehicle encountered is larger than 
“expected” size, MCVs in excess of regulation size (width and/or 
length) are required throughout Australia to carry standardised 
warning signs.   
 
8.3.3 Effects on other motorists 
 
The relationship between MCV attributes, and motorists’ perception and 
behavior influence the following factors: 
 
 overtaking behavior; 
 operating speed; 
 traffic composition; 
 traffic volume; and 
 quality of service 
 
The main findings of each factor are discussed below. 
 
Overtaking Behaviour 
 
An overtaking manoeuvre commonly requires an overtaking vehicle to use the 
opposing traffic lane, and opportunities for this to be undertaken safely are 
limited by the sight distance profile of the road and the availability of gaps in 
the opposing traffic.  Increased vehicle lengths result in greater overtaking 
time.  As overtaking time increases, the frequency with which the road and the 
opposing traffic provides safe overtaking opportunities decreases.  Drivers 
wishing to overtake a MCV will, on average, have to wait longer for a safe 
opportunity, and frustration can lead to overtakings being attempted in 
situations that are less safe than normal. 
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From the viewpoint of other road users, the main difference between a MCV 
and other vehicles is length.  The effect of this increased length is noticed 
most when vehicles overtake.  For this reason it is considered desirable to 
prevent MCVs traveling closely together in convoy.  NAASRA (1978) 
therefore recommended that a MCV should keep a separation distance of more 
than 200 m when following any vehicle more than 8 m in length in zones with 
speed limits of more than 80 km/h.  South Australia recommended enforcing 
this rule where the speed limit is in excess of 60 km/h. 
 
Ramsay (1998) reported that in urban situations, overtaking of corning MCVs 
is unsafe due to the rear of the vehicle swinging outwards during the turn.  
Further, drivers attempting to turn inside a MCV often are unaware of the 
offtracking of the trailers. 
 
 
 
 
Operating Speed 
 
The following performance requirements are recommended for Road Trains to 
ensure that reasonable operational speeds are achieved under most road 
conditions and minimum disruption to traffic: 
 
 ability to maintain a reasonable speed on a level road when operated at 
its maximum permitted GCM; this is desirable to minimise congestion 
of traffic or delays to other vehicles traveling in the same direction; 
 ability to maintain a reasonable speed when fully laden and negotiating 
gradients; 
 ability to restart on the steepest gradient encountered on the route when 
fully laden; and 
 to have an engine and power train that will not encourage prolonged 
operation at speeds in excess of safe limits for such vehicles. 
 
Traffic Composition 
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On a route where there is a high proportion of commercial vehicles, or where 
local drivers are already familiar with MCVs operating in the area, MCV 
operation will generally be satisfactory.  However, on a route where there is a 
high tourist content, with vehicles towing caravans, drivers not familiar with 
the area, and inexperienced in encountering MCVs, the possible risk to other 
road users is increased.   
 
Traffic Volume 
 
When considering traffic volumes, NAASRA (1980) recommended that the 
variations in MCV flow throughout the year and the day, as well as the rate of 
growth should be considered.  To reduce levels of congestion, it may be 
necessary to restrict MCV operation during peak hours in urban areas, or 
during certain periods of the year due to seasonal fluctuation in traffic flow. 
 
Quality of Service 
 
In comparison with rural traffic, the operation of MCVs in urban traffic 
environments exhibit a greater level of congestion, along with lower speeds 
and greater variations in speed. These factors all effect motorist’s quality of 
service.  McIntyre (2001) noted that the increased traffic congestion leads to 
the inconvenience, delay and annoyance of other road users and the 
community at large, with consequential loss of productivity and, in severe 
cases, may even pose a risk to the safety of other road users.  However, as 
Ramsay (1998) argued, the delays to motorists, and increased fuel 
consumption and emissions, may still be less than the alternative case of 
having more, smaller freight vehicles carrying the same payload. 
 
8.3.4 Quality of Service Measures 
 
With an increase in the number, length, mass and engine power of the new and 
innovative MCVs interacting with other road users, further data on the 
following quality of service measures is required: 
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 vehicle length in queue; 
 passenger car equivalency; 
 saturation headway; 
 saturation flow; and 
 intersection clearance time. 
 
 
 
 
Vehicle Length in Queue 
 
Akcelik et al. (1999) advised that the average queue space for a passenger car 
is 7 m.  The average queue space for a MCV is somewhat longer depending on 
the vehicle’s length.  
 
It was previously mentioned that in respect to the allowable GCM, a Double 
Road Train is equivalent to two conventional six axle articulated vehicles.  
However while replacing conventionally articulated vehicles with MCVs such 
as Double Road Trains may reduce the number of vehicles required for a 
given freight task, further data is required to determine whether queue length 
is actually reduced. 
 
Passenger Car Equivalency 
 
Akcelik (1989) recommended a passenger car equivalency of 2 for heavy 
vehicles.  The definition of a heavy vehicle was defined as any vehicle with 
more than two axles or with dual tyres on the rear axle.  Thus buses, trucks, 
and semi-trailers were classified as heavy vehicles.  However it is 
acknowledge that since the late 1980’s heavy vehicle combinations have 
increased in length, mass and engine power, therefore making these specified 
passenger car equivalencies difficult to apply with confidence to new and 
innovative heavy vehicle configurations. 
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Further data is required to determine realistic passenger car equivalencies for 
the typical types of MCVs now operating on Australian roads. 
 
Saturation Headway 
 
Given the acceleration ability, from rest, of a heavy vehicle compared to a 
passenger car obviously headway between a passenger car and heavy vehicle 
is going to be greater than the headway between two passenger cars.  With an 
acknowledged increase in the number, length, mass and engine power of 
MCVs in the traffic flow, further data is required to determine whether this 
revolution increases saturation headway and if so, to what extent. 
 
Saturation Flow  
 
One of the major factors that influences saturation flow is traffic composition.  
This factor can be further broken down into the proportion of heavy vehicles 
and also type of heavy vehicles in the traffic flow.   
 
With an acknowledged increase in the number, length, mass and engine power 
of MCVs in the traffic flow, further data is required to determine how 
saturation flow is influenced by the new and innovative heavy vehicle 
configurations now operating on Australian roads. 
 
Intersection Clearance Time 
 
National Road Transport Commission (2001) suggested the following 
potential performance levels, as a guide (maximum values) for intersection 
clearance times, for a MCV starting from rest, accelerating at the maximum 
possible rate and travelling straight through a 25 m wide intersection with 
adequate sight distance and there is no grade: 
 
 Unrestricted access to the entire network: no more than 12 s 
 Arterials and major freight routes: no more than 15 s 
 Routes designated for long combination vehicles: no more than 25 s 
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Data is required to determine if the proposed values are realistic for the new 
and innovative heavy vehicle configurations now operating on Australian 
roads. 
 
8.4 Amenity Considerations 
 
Amenity issues regarding MCVs mainly arise from their greater size, and 
larger powered engines.  Issues to be considered when assessing routes for 
MCV operation include: 
 
 noise; 
 dust, splash and spray; 
 vibration; 
 odours and fumes; 
 environmental factors; and 
 dangerous goods 
 
8.5 Evaluation Methods 
 
The dynamic performance of a MCV can be evaluated be either conducting in-
field tests or utilising dynamic computer simulation software. 
 
8.5.1 Single Lane Change Manoeuvre 
 
The single lane change manoeuvre is a standard test (SAE J2179) which is 
designed to evaluate the following measures of MCVs (Society of Automotive 
Engineers, 1993): 
 
 rearward amplification; 
 load transfer ratio; and 
 trailer overshoot (transient high-speed offtracking). 
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8.5.2 Dynamic Computer Simulation 
 
McFarlane and Sweatman (1998) proposed that simulation modeling provides 
a practical means of quantifying the dynamic performance of innovative 
vehicle configurations.  It also permits the effects of individual vehicle 
parameters to be investigated and vehicle configurations to be optimised for 
particular road environments.  Queensland Transport and other State road 
authorities use computer simulation to analyse the level and conditions of 
access for a combination vehicle, ensuring that the correct balance between 
safety, infrastructure protection and productivity is achieved.   
 
The following list summarises vehicle dynamic performance measures 
identified by McFarlane and Sweatman (1998) and Bruzsa (1998) as being 
important in the evaluation of new vehicle combinations: 
 
 static roll stability; 
 rearward amplification; 
 high and low-speed offtracking; 
 load transfer ratio;  
 speed, acceleration performance; 
 braking; 
 swept path; and  
 trailing fidelity  
 
Due to increased computer capacity it is not difficult to find software 
supporting models of virtually any complexity.  Presently in Australia, ARRB 
Transport Research use ADAMS, RoadUser Research use AutoSim, 
Queensland Transport use SIMON, YAWROLL, UMRTI Simplified Models 
and VPATH, and Queensland Department of Main Roads also use the latter 
for road vehicle modeling and simulation work. 
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In regards to the method of computer simulation, packages are divided into the 
following categories: 
 Purpose-designed Vehicle Simulation Models; 
 Multibody System Dynamics Packages (numerical); and 
 Multibody System Dynamics Packages (algebraic). 
 
8.6 MCV Approval Procedures 
 
The MCV approval process involves assessment of the vehicle combination, 
assessment of the requested route and finally issue of approval to operate, 
either via permit or notice.   
 
8.6.1 Access Assessment and Permit Procedures 
 
The responsibility for access assessment and approval to operate rests with 
either the State road authority or council.  The present MCV approval 
procedures vary slightly between each Australian State and Territory.  Each 
State road authority and their approval to operate conditions are listed in Table 
8.2. 
 
8.6.2 Route Assessment Guidelines 
 
Route Assessment Guidelines for B-Doubles and Road Trains have been 
developed in, and exclusively for, Queensland, Western Australia, South 
Australia and New South Wales.  These guidelines provide consistent 
objective criteria and allow the environment, road asset, other road users and 
vehicle effects of proposals for heavy vehicle access to be assessed objectively 
and clearly.   
 
The administrative contents and assessment criteria of each guideline varies 
and is summarised in Table 8.2.   
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The current Route Assessment Guidelines have not yet been expanded to 
cover innovative MCVs of complex configuration.  The assessment of 
permitted routes for these very specialised vehicles are therefore currently not 
based on consistent nor objective criteria or assessment methods. 
 
A large majority of innovative MCVs are unique to Queensland, Western 
Australia, and Northern Territory, and as a result of the very limited past on-
road data available on their interaction with other road users, traffic 
performance and safety parameters associated with these MCVs have not been 
developed. 
 
As traffic volumes and traffic composition change over time, there is a need to 
ensure that new and existing permits for these vehicle types can be confidently 
issued or renewed without a detrimental impact on road infrastructure and 
other road users. The development of assessment procedures for innovative 
MCVs is therefore a key requirement for consistent decision making in MCV 
management. 
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Table 8.2: Road Authority, Route Assessment Guidelines and Approval to Operate Conditions 
 Qld WA NT SA NSW Vic Tas 
State Road Authority 
 Dept. of Main 
Roads & 
Queensland 
Transport 
Main Roads 
Western 
Australia 
Dept. of Transport and 
Works Transport SA 
Road and 
Transport 
Authority 
VicRoads 
Dept. of 
Infrastructure, 
Energy and 
Resources 
Route Assessment Guidelines 
MCVs 
Covered 
B-Double 
Dbl Road Train  
Tri Road Train 
B-Double 
Dbl Road Train 
Tri Road Train 
- 
B-Double 
Dbl Road Train 
B-Double 
Dbl Road Train - - 
Checklist of 
relevant 
issues 
Provided Provided - Provided Not Provided - - 
Admin. 
Procedures 
For 
State Road 
Authority Not Provided - 
State Road 
Authority & Local 
Govn’t 
State Road 
Authority & 
Local Govn’t 
- - 
Advice to 
Operators Not Provided Not Provided - Provided Provided - - 
Approval to Operate Conditions 
B-Doubles Performance Guideline 
Permit 
(12 mths) As of right Gazette Notice Gazette Notice 
Gazette 
Notice General permit 
Road Train Performance Guideline 
Permit 
(12 mths) 
Approved roads 
(permit/notice not 
required) 
Gazette Notice Gazette Notice Restricted route - 
Innovative 
Road Train 
Permit 
(12 mths) 
Permit 
(12 mths) 
Permit 
(12 mths) - - - - 
 
Note: ‘Dbl Road Train’ is a Double Road Train and ‘Tri Road Train’ is a Triple Road Train. 
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9.0 RESEARCH PROPOSAL 
 
The literature review has identified a need to investigate further: 
 
 clearance times; 
 acceleration; 
 tracking ability on a straight path; and 
 passenger car equivalency, saturation flow rate and saturation headway. 
 
The outcomes of this investigation will contribute to improved route assessment 
guidelines such as those adopted in Queensland. 
 
9.1 Investigation of Intersection Clearance Time 
 
1. Conduct full-scale tests, on various grades, to obtain data on the 
intersection clearance times of new and innovative multi-combination 
vehicles (MCVs) now operating on Australian roads (B-Double, Double 
Road Train, Triple Road Train and AAB-Quad suggested);  
2. Analyse collected data; 
3. Determine intersection clearance time requirements for the tested vehicles; 
4. Compare findings to National Road Transport Commission (2001) 
recommended values; and 
5. Develop criteria or assessment procedures to be incorporated in 
Queensland’s Route Assessment Guidelines. 
 
9.2 Investigation of Acceleration 
 
1. Conduct full-scale tests, on various grades, to obtain data on the 
acceleration capabilities of new and innovative MCVs now operating on 
Australian roads (B-Double, Double Road Train, Triple Road Train and 
AAB-Quad suggested); 
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2. Analyse collected data; 
3. Determine a heavy vehicle acceleration value for the tested vehicles; and 
4. Compare findings to determine if the proposed heavy vehicle acceleration 
value of 0.5 m/sec2 used in open level crossing evaluation in realistic for 
MCVs. 
 
9.3 Investigation of Tracking Ability on a Straight Path 
 
1. Conduct full-scale tests, covering a range of speed and road unevenness 
conditions, to obtain data on the tracking ability of new and innovative 
MCVs now operating on Australian roads (B-Double, Double Road Train, 
Triple Road Train, and AAB-Quad suggested); 
2. Analyse collected data; 
3. Determine lane width requirements for the tested vehicles;  
4. Compare findings to Prem et al. (2000) and National Road Transport 
Commission (2001) recommendations; and 
5. Depending on outcome, develop criteria or assessment procedures to be 
incorporated in Queensland’s Route Assessment Guidelines. 
 
9.4 Investigation of Passenger Car Equivalency, Saturation Flow & 
Saturation Headway 
 
1. Conduct full-scale tests, to obtain data on saturation flow rates and 
headway of new and innovative MCVs now operating on Australian roads 
(B-Double, B-Triple and Triple Road Train suggested);  
2. Analyse collected data; 
3. Determine saturation headway values, saturations flow rates and passenger 
car equivalency values for the tested vehicle combinations; 
4. Compare the passenger car equivalency values to previous research such 
as the Australian Road Research Board Traffic Signals: Capacity and 
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Timing Analysis Report Akcelik (1989) recommended value of 2 for 
heavy vehicles. 
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10.0 RECOMMENDATIONS FOR FURTHER WORK 
 
Following the conclusions of this literature review it is recommended that further 
work be completed on investigating: 
 
 low-speed offtracking; and 
 high-speed steady state offtracking. 
 
It is believed that a large amount of time and resources is necessary to complete 
this work and the research proposed in Section 9.0 will be beneficial to more 
areas of heavy vehicle management. 
 
10.1 Investigation of Low-Speed Offtracking 
 
1. Conduct full-scale tests to obtain data on the low-speed offtracking ability 
of new and innovative multi-combination vehicles (MCVs) now operating 
on Australian roads (Double Road Train, Triple Road Train and AAB-
Quad suggested).  Use the AUSTROADS (1995) suggested test – a 
vehicle speed of 10km/h, or slower, on a steer path comprising a 90° 
circular arc of 13.75 m radius, with tangent straight entry and exit 
segments.  This corresponds to the outside front wheel following a path of 
radius 15 m.   
2. Analyse collected data; 
3. Perform computer-based modelling that simulates the test with VPATH 
and EDVDS; 
4. Verify and validate predictions from computer simulations and confirm 
general modeling method;  
5. Determine swept path widths for the tested vehicles;  
6. Perform computer-based modelling with VPATH and EDVDS to simulate 
the NRTC suggested test - a vehicle speed of 10 km/h, or slower, on a 
steer path comprising a 90° circular arc of 11.25 m radius, with tangent 
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straight entry and exit segments.  This corresponds to the outside front 
wheel following a path of radius 12.5 m;   
7. Determine swept path widths for the tested vehicles;  
8. Compare findings to National Road Transport Commission (2001) 
recommendations. 
 
10.2 Investigation of High-Speed Steady State Offtracking 
 
1. Conduct full-scale tests to obtain data on the high-speed steady state 
tracking ability of new and innovative MCVs now operating on Australian 
roads (Double Road Train, Triple Road Train and AAB-Quad combination 
suggested).  Use the NRTC suggested test - a circular path of radius 393 m 
and a vehicle speed of 100 km/h; 
2. Analyse collected data; 
3. Perform computer-based modelling with EDVDS that simulates the tested 
vehicle travelling along the test road surface; 
4. Verify and validate predictions from computer simulations and confirm 
general modeling method;  
5. Determine offtracking values for the tested vehicles; and 
6. Compare findings to National Road Transport Commission (2001) 
recommendations. 
 
 A1
 
APPENDIX A: 
Typical MCV Types Found in Australia
 A2
Table A1: Physical Characteristics of Typical MCVs found in Australia 
Pictorial Representation of MCV State Common Name 
Max 
Length 
(m) 
Max 
GCM 
(t) 
Approval to 
Operate 
Vehicle Category : Medium Combination Vehicles 
Vic B-Double 19 50 General Access 
 
 
Qld B-Double 19 50 General Access 
 
 
Tas 
B-Double 
(Short High 
Productivity 
Vehicle) 
21 50 P (General) 
SA B-Double 25 40.5 GN 
Qld B-Double 25 40.5 PG 
Vic B-Double 25 40.5 GN 
 
 
 
 
 
 
 Tas B-Double 25 40.5 P (General) 
SA B-Double 25 55.5 GN 
Vic B-Double 25 55.5 GN 
Tas B-Double 25 55.5 P (General) 
 
Qld B-Double 25 55.5 PG 
SA B-Double 25 59 GN 
Qld B-Double 25 59 PG 
Tas B-Double 25 59 P (General) 
 
 Vic B-Double 25 59 GN 
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NT B-Double 25 62.5 General Access 
Pictorial Representation of MCV State Common Name 
Max 
Length 
(m) 
Max 
GCM 
(t) 
Approval to 
Operate 
SA B-Double 25 59 GN 
Qld B-Double 25 59 PG 
Vic B-Double 25 59 GN 
 
 Tas B-Double 25 59 P (General) 
Qld B-Double 25 62.5 PG 
NSW B-Double 25 62.5 GN 
SA B-Double 25 62.5 GN 
Tas B-Double 25 62.5 P (General) 
Vic B-Double 25 62.5 GN 
 
 
 
 
WA B-Double 27.5 62.5 P (12mth) 
 
WA B-Double 27.5 67.5 P (12 mth) 
 
Vic Super B-Double 29 73 P (12 mth) 
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Vic Super B-Double 29 109 P (12 mth) 
 
Pictorial Representation of MCV State Common Name 
Max 
Length 
(m) 
Max 
GCM 
(t) 
Approval to 
Operate 
Vehicle Category : Type 1 Road Trains 
 
Vic Truck & 4 axle dog 22 50 
General 
Access 
 
WA Long Vehicle 30 84 P (12 mth) 
 
 
Qld Type 1 Road Train 31.5 59 PG 
 
 
 
 
 
 
SA Short Double Road Train 32 79 GN 
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SA Double Road Train 36.5 79 GN 
 
SA Double Road Train 36.5 79 GN 
Pictorial Representation of MCV State Common Name 
Max 
Length 
(m) 
Max 
GCM 
(t) 
Approval to 
Operate 
NT Road Train (double) 36.5 79 
Approved 
Roads 
Vic Double Road Train 36.5 79 
GN 
(Restricted 
Route) 
Qld 
Conventional 
Type 1 Road 
Train 
36.5 79 PG 
NSW Type 1 Road Train 36.5 79 P 
SA Double Road Train 36.5 79 GN 
 
 
 
 
 
 
 
WA Double Road Train 36.5 79 P (12 mth) 
 
 
NSW Type 1 Road Train 36.5 79 P 
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Qld Type 1 Road Train 36.5 82.5 PG 
 
 
 
Pictorial Representation of MCV State Common Name 
Max 
Length 
(m) 
Max 
GCM 
(t) 
Approval to 
Operate 
 
 
Qld Type 1 Road Train 36.5 86 P (12 mth) 
 
 
Qld 
Type 1 Road 
Train 
(Livestock 
Loading) 
36.5 104 PG 
 
WA Rigid Truck + 2 Dog Trailers 36.5 102 P (12 mth) 
 
 
Vic B-Triple 33.5 72 P (12 mth) (trial) 
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Qld B-Triple 36.5 82.5 P (12 mth) 
NT B-Triple 36.5 82.5 P (12 mth) 
NSW 
 B-Triple 36.5 82.5 P (trial) 
 
 
 
 
WA B-Triple 36.5 82.5 P (12 mth) 
Pictorial Representation of MCV State Common Name 
Max 
Length 
(m) 
Max 
GCM 
(t) 
Approval to 
Operate 
Qld 
B-Triple 
(Livestock 
Loading) 
36.5 90 P (12 mth) 
 
 WA 
B-Triple 
(Livestock 
Loading) 
36.5 175.5 P (12mth) 
Qld AB-Triple 36.5 99 PG 
NSW AB-Triple 36.5 99 P (trial) 
 
 
WA AB-Triple 36.5 99 P (12 mth) 
 
Qld AB-Triple 36.5 102.5 PG 
 
WA AB-Triple 36.5 105.5 P (12 mth) 
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Qld AB-Triple 36.5 106 P (12 mth) 
 
 
Pictorial Representation of MCV State Common Name 
Max 
Length 
(m) 
Max 
GCM 
(t) 
Approval to 
Operate 
Vehicle Category : Type 2 Road Trains and ‘Innovative Vehicles’ 
 
 
Qld AB-Triple 44 102.5 PG 
 
 
Qld Type II Road 
Train 
47.5 95.5 PG 
NT Road Train (triple) 53.5 115.5 
Approved 
Roads 
Qld 
Conventional 
Type II Road 
Train 
53.5 115.5 PG 
 
 
 
 
WA Triple Road Train 53.5 115.5 P (12 mth) 
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NSW Triple Road Train 53.5 115 P = 
SA Triple Road Train 53.5 115.5 GN 
 
 
Pictorial Representation of MCV State Common Name 
Max 
Length 
(m) 
Max 
GCM 
(t) 
Approval to 
Operate 
 
\  
WA Triple Road Train 53.5 120.5 P (12 mth) 
NT Triple Road Train 53.5 122.5 
Approved 
Roads 
 
Qld Type II Road Train 53.5 122.5 PG 
 
 
Qld Type II Road Train 53.5 126 P (12 mths) 
 
Qld 
Type II Road 
Train 
(Livestock 
Loading) 
53.5 156 PG 
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NT Rigid plus Three 53.5 125 Approved Roads 
NT 2A + B Road Train 53.5 135.5 P (12 mths) 
Qld 
 
AAB-Quad 
 
53.5 
 
135.5 
 P (12 mths) 
 
WA B-Double and 2 Dogs 53.5 149.5 P (12mths) 
Pictorial Representation of MCV State Common Name 
Max 
Length 
(m) 
Max 
GCM 
(t) 
Approval to 
Operate 
 
 
 
 
 
NT 2A + B Road Train 53.5 139 P (12 mths) 
NT 2A + B Road Train 53.5 142.5 P (12 mths) 
Qld AAB-Quad 53.5 142.5 P (12 mths) 
 
 
 
WA B-Double and 2 Dogs 53.5 163.5 P (12 mths) 
NT 2A +B Road Train 53.5 146 P (12 mths) 
Qld AAB-Quad 53.5 146 P (12 mths) 
 
 
WA B-Double and 2 Dogs 53.5 170.5 P (12mths) 
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Qld Semi hauling a B-Triple 53.5 122.5 P (12 mth) 
 
 
WA Double B-Double 53.5 133 P (12 mths) 
 
 
WA Double B-Double 53.5 140 P (12 mths) 
Pictorial Representation of MCV State Common Name 
Max 
Length 
(m) 
Max 
GCM 
(t) 
Approval to 
Operate 
 
 
 
 
 
 
NT B + 2A Road Train 53.5 142.5 P (12 mths) 
Qld B-Quad 53.5 102.5 P (12 mths) 
 
 
 
WA B-Quad 53.5 116.5 P (12mths) 
 
 
NT B-Quad 48.35 217 P (12 mths)  
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NT Twin Steer Rigid + Three 53.5 147.5 
Notice, 
Permit for 
triaxle dollies 
 
Qld     2B3 (McIver’s ICON) 53.5 166 P (5 yr) 
 
NT 
3B Road Train 
(UTO’s 
McArthur River)
55 205 P (6mths) 
 
Notes:  P – Permit, PG - Performance Guideline, GN - Gazette Notice, = permitted only on the Mitchell Hwy between Barringun and Bourke. 
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